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Abstract 


Negotiations  between  the  Army  Engineers  Research  and  Develop¬ 
ment  Laboratories  resulted  in  Contract  No.  W44-009  eng  -  507  for  conduct¬ 
ing  studies,  res*’*'*'*1'  investigations  leading  to  the  development  of  a 
fire  extinguishing  agent  with  f4re  fire-fighting  characteristics  equal 
to  or  superior  to  methyl  bromide.  Although  fluorine  containing  compounds 
were  of  a  great  deal  of  interest  to  this  project,  the  investigation  was 
not  limited  to  a  study  of  the  applicability  these  compounds  as  fire 
extinguishing  agents. 

A  literature  search  revealed  that  no  systematic  study  had  been 
made  of  compounds  to  be  used  as  fire  extinguishing  agents.  In  general, 
a  proposed  compound  was  tested  by  putting  out  fires  under  specified 
conditions.  Such  a  test  method  was  obviously  not  suited  for  rating  research 
samples  of  a  few  grams  of  material. 

A  laboratory  screening  test  of  compounds  for  their  fire  inhibiting 
properties  was  set  up  by  determining  the  limits  of  flamaability  of  mixtures 
of  fuel,  (n-heptane)  air,  and  the  proposed  extinguishing  agent.  The  peak 
in  the  curve  obtained  by  plotting  data  concerning  the  flamability  of 
mixtures  was  considered  as  a  measure  of  the  flame  extinction  properties 
of  the  test  compound.  This  hypothesis  was  later  shown  to  be  valid  by 
tests  conducted  at  Fort  Belvoir.  Dibromodifluorcmeth&ne  heads  the  list  of 
the  thirty-one  compounds  found  to  be  more  effective  than  methyl  bromide 
on  the  basis  cf  this  test.  When  the  comparisons  were  made  on  a  weight 
basis  instead  of  a  volume  basis  only  eight  compounds  were  found  to  be  more 
effective  than  methyl  bromide. 

It  was  found  that  in  a  given  homologous  series  of  compounds, 
the  effectiveness  in  fire  extinction  properties  increases  with  an  increase 
in  molecular  weight.  No  apparent  relationship  could  be  found  between  the 
fire  extinction  properties  and  molecular  weight  of  compounds  chosen  at 
random. 
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As  part  of  a  program  of  determining  the  effectiveness  of 
elemental  composition  of  a  compound  in  decreasing  the  flammability  of 
mixtures  of  air  and  n-heptanet several  non-carbon  compounds  were  studied. 
Halides  of  silicon,  sulfur,  and  boron  have  flame  Inhibition  properties 
which  are  greater  than  those  for  the  corresponding  carbon  halides.  Ihe 
properties  of  these  non-carbon  halides  rule  them  out  as  suitable  fire 
extinguishing  agents.  Subsequent  research  should  include  a  study  of  methods 
leading  to  the  preparation  of  organic  polyhalides  containing  sulfur, 
silicon  and  boron  as  an  additional  element. 

The  effect  of  a  halogen  substituent  upon  the  fire  extinction 
properties  of  carbon  compounds  was  studied  in  some  detail.  The  order 
of  increasing  effectiveness  is  F<,Cl<BrvI*  There  are,  however,  seme 
anomalies  to  this  generalisation  which  cannot  be  satisfactorily  explained. 

For  example,  the  alkyl  iodides  are  more  affective  flame  inhibiting  agents 
than  the  corresponding  alkyl  bromides,  but  the  perfluoroalkyl  iodides 
may  or  may  not  be  as  effective  as  the  corresponding  perfluoroalkyl  bromides .. 

The  replacement  of  a  bromine  atom  for  a  fluorine  atom  in  carbon 
tetrafluoride  greatly  increases  the  effectiveness  of  the  resulting  compound, 
bromotrifluoromethane,  in  decreasing  the  flammability  of  mixtures  contain¬ 
ing  air  and  n -heptane.  Subsequent  replacements  of  bromine  for  fluorine 
results  in  the  formation  of  compounds  which  are  more  effective  as  fire 
extinguishing  agents,  however,  this  increase  in  effectiveness  is  not  a 
linear  relationship. 

Unsaturated  compounds  were  found,  in  general,  to  be  ineffective 
in  decreasing  the  flammability  of  mixtures  of  air  and  ri-heptane.  Tetra- 
fluoroethylene  was  found  to  bum  in  air.  2 , 2-Difluorovinyl  bromide  was 
found  to  be  as  effective  as  methyl  bromide.  The  (perfluoroalkyl)benzenes, 
such  as  benzotrifluoride  were  found  to  be  flamaable  in  air. 

The  effect  of  temperature  upon  the  coordinates  of  the  peak 
in  the  flaanability  curves  was  determined  at  -78*C.,  ♦26°C.,  and  +145°C. 

The  erder  of  effectiveness,  based  upon  the  volixne  per  cent  of  the  halogen 
compound  in  the  mixture,  is  the  same  at  the  three  temperatures.  The 
flaanable  areas  obtained  at  -78*C.  were  found  to  be  quite  irregular.  It 
was  also  found  that  as  the  temperature  increases,  the  peak  in  the  flanmability 
curve  also  increases. 

The  standard  fuel  used  for  rating  the  various  fire  retarding 
agents  with  respect  to  one  another  was  n-heptane.  When  the  standard  fuel, 
n-heptane,  was  replaced  by  a  different  fuel  a  qualitative  parallel  relation¬ 
ship  exists  between  the  fire  retarding  agents.  Other  fuels  investigated 
included  diethyl  ether,  pentane,  benzene  acebone,  ethyl  acetate,  and 
methanol. 


The  possibility  of  using  a  mixture  of  compounds  as  a  fire 
extinguishing  agent  was  also  investigated.  Several  binary  mixtures  of 
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halogen  compounds  were  used  as  fire  retarding  agents  on  mixtures  of 
n-per.tsns  and  air.  This  preliminary  stuay  indicated  that  in  certain 
instances  the  use  of  a  mixture  of  haloger-contair.ing  compounds  is  ad¬ 
vantageous.  The  actual  effectiveness  appeared  to  be  characteristic  of 
the  particular  mixture  used.  Hence  no  generalisations  could  be  made 
regarding  choice  of  constituents  in  the  mixture. 

As  a  continuation  of  a  study  of  the  effect  of  variables  on 
the  flammable  limits  of  mixtures  containing  air,  n-hcptanc,  and  a 
halogen  compound,  the  flammable  areas  at  subataoapheric  pressures  of 
200,  300,  400,  and  500  mm.  Hg  were  determined.  Per  mixtures  containing 
methyl  bromide  as  the  flame  inhibiting  agent,  not  only  is  the  flamm¬ 
ability  peak  lowered  with  a  decrease  or  increase  in  pressure  from  4 00  cm. 
Hg  but  in  general  the  flammable  area  lies  within  the  area  found  at  400 
Hg  pressure.  When  trifluoromethyl  bromide  was  used  as  the  flsme  in¬ 
hibiting  agent  the  peak  in  the  flammability  curve  was  essentially  the 
same  at  300,  400,  and  500  mm.  Hg  pressure  and  lower  at  200  nm.  Hg  pressure. 
In  the  case  of  dichlorodifluorcmethane,  the  peaks  are  equivalent  at  300 
and  400  nm,  Hg  pressure  and  lower  at  200  and  500  am.  Hg  pressure .  These 
examples  are  too  few  to  warrant  drawing  any  conclusions  concerning  the 
effect  of  pressure  on  the  flaonable  areas. 

An  accelerated  stability  test  of  various  halogen  compounds 
to  iron,  copper,  aluminum,  brass  and  magnesium  was  performed.  Tests 
were  conducted  at  reflux  temperatures  at  200°P.  (93*3*C.)  and  at 
392*F.  (200*C.)  under  anhydrous  and  aqueous  conditions.  Small  strips 
of  the  test  metal  we  renoted  for  corrosion  and  loss  in  weight.  Data 
show  that  halogen  compounds  are  less  stable  toward  aluminum  than  to 
either  brass,  copper,  iron  or  magnesian.  There  appears  to  be  no  signifi¬ 
cant  difference  between  the  stability  of  these  compounds  to  brass  and  to 
copper.  The  compounds  are  most  stable  to  iron.  The  fluorocarbons  are 
the  most  stable  and  the  monohaloalkanes  the  least  stable. 

Restivity  measurements  show  that  for  practical  purposes 
fluorocarbons  are  non-conductors  of  electricity  and  hence  would  be  suit¬ 
able  for  use  in  combating  electrical  fires. 

A  knowledge  of  the  behavior  of  halogen  compounds  under  con¬ 
ditions  favoring  decomposition  is  of  interest  in  the  interpretation  of 
data  relating  to  the  toxicological  properties  and  corrosive  action. 
Accordingly,  several  halogen-containing  compounds  were  introduced  into 
a  flame  resulting  from  the  combustion  of  propane  in  air  and  the  pro¬ 
ducts  of  decomposition  studied.  A  special  burner  was  designed  so  that 
the  materials  introduced  and  products  formed  could  be  quant it ively 
measured.  The  halogen  compound  was  £  Ejected  to  the  flame  in  either 
of  two  ways.  The  halogen  compound  w  first  premixed  with  the  propane 
stream  before  burning  or  the  air  struma  before  burning.  Considerable 
soot  was  formed  except  when  carbon  tat  re fluo ride  and  sulfur  hexafluoride 
were  used.  Then  only  trace  amounts  were  noted.  The  amount  of  soot 
obtained  was  always  a  little  less  than  the  amount  of  carbon  present  in 
the  halogen  compound  introduced.  This  suggests  that  soot  formation  arises 


ethane  are  about  equivalent  in  effectiveness. 

Unsaturated  compounds  were  found, in  general,  to  be  ineffective 
ir  decreasing  the  flamnability  of  mixtures  of  air  and  n-heptane.  However, 
2,2-iii flucjvvinyl.  bromide  (CF2  ■  CHBr)  was  found  to  be  unexpectedly 
effective,  rhe  peak  in  the  flaimability  curve  was  9.7$. 

Tetrafluorccthylene  was  found  to  be  flamnablo  in  air.  The  lower 
li nit  of  flammability  lies  between  16.0  ard  16.3$  and  the  upper  limit 
between  43.0  and  44.0$.  These  limits  are  for  the  upward  propagation  of 
flames.  The  flames  resulting  from  combustion  of  mixtures  whose  compositions 
wore  in  the  region  of  the  lower  limit  were  pale  blue  in  color  and  no 
smoke  was  present.  The  flamus  resulting  by  burling  mixtures  of  tetra- 
fluoroethylene  and  air  having  a  composition  in  the  region  of  the  upper 
limit  of  flammability  were  red  and  much  soot  was  fomed. 

Mixtures  of  n-heptane,  air  and  nitrogen  trifluoride  were  found 
to  be  explosive  when  ignited.  The  violence  of  the  combustion  reaction 
was  increased  as  the  percentage  of  nitrogen  trifluoride  was  increased  to 
70$  where  further  testing  was  stopped.  These  results  were  unexpected  since 
nitrogen  trifluoride  is  a  stable  compound  and  relatively  inert.  As  a 
result  of  these  tests  it  was  concluded  that  nitrogen  trifluoride  was  of 
no  further  interest  as  a  fire  extinguishing  material. 

The  (perfluoroalkyl^benzenes,  benzotrifluoride,  bis(trifluoro- 
methyl) benzenes  and  l-(pentafluoroethyl)-4-(trifluorcmethyl) benzenes, 
were  eliminated  from  further  consideration  when  they  were  found  to  be 
flammable.  The  ring  halogenated  derivatives  of  these  compounds  were  not 
studied  because  of  their  low  vapor  pressure. 

Weight  Effectiveness  vs.  Molar  Effectiveness.  The  method  used 
for  the  determination  of  the  flame  extinction  properties  of  halogen- 
containing  compounds  is  based  upon  the  volume  percentage  of  the  agent 
in  a  mixture  of  vapors.  While  this  procedure  provides  a  convenient 
means  for  evaluating  the  compounds  and  correlating  the  results,  the  weight 
effectiveness  becomes  significant  from  an  economic  viewpoint  since  these 
materials  are  usually  sold  on  the  weight  basis.  It  is  also  important  to 
consider  the  weight  of  material  required  for  fire  protection.  In  general, 
this  point  is  more  significant  in  cases  where  aircraft  is  concerned  than 
in  other  cases. 


A  comparison  is  made  in  Table  II  between  the  weight  effectiveness 
of  a  halogen  compound  as  a  fire  extinguishing  agent  and  the  volume  effective¬ 
ness  of  these  same  compounds.  The  following  equation  was  used  in  cal¬ 
culating  the  weight  of  halogen  compound  equivalent  to  the  volume  percentage 
of  the  halogen  compound  at  the  peak  in  the  flammability  curve.  Grams  of 
Extinguisher  -  100  liters  „  ,  ...  _ _  . 

22  4  liters  X  Extiriguishei  x  Vol.$  Extinguisher  at 


Peak.  The  calculations  are  based  on  100  liters  of  gaseous  mixture  at 
0*C.  and  one  atmosphere  of  pressure.  It  will  be  noticed  that  some  com¬ 
pounds  which  have  a  low  flanmability  peak  are  found  to  be  less  effective 
on  a  weight  basis  than  others  with  a  high  flanmability  peak  and  vice  versa. 
It  is  interesting  to  note  that  on  the  volume  basis,  thirty-one  of  the 
compounds  tested  are  better  than  methyl  bromide}  whereas,  on  a  weight  basis, 
only  eight  compounds  are  more  effective  than  methyl  bromide. 
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Table  II 


SUMMARY  OF  GOMPOUND3  EVALUATED  AS  FIRE  EXTINGUISHING  AG3ITS 

(Room  Temperature) 


Formula 


Compound 


Name 


Peak  In 
Flanrsability 
Curve.  % 

4.2 


Extinguisheg.g.*  Vol.  Wt. 

39.37 


Order  of 
Effective¬ 
ness 

*  Vol.  Wt. 
basis  basis 

I  6 


CBr2F2 

Pibromodifluoromothane 

CBr3P 

Tribromofluoromethane 

CF3CHBrCH3 

2-Brcmo-l ,1,1-trifluoro- 
propane 

CBrF2CBrF2 

1 , 2-Dibromotet rafluoro- 
ethane 

cf2icf2i 

Tetrafluoro-l,2-diiodo- 
e thane 

CH2Bt2 

Dibromomethane 

cf3cf2i 

Pentafluoroiodoethane 

CF3CH2CH2Br 

3-Bromo-l , 1,1-trifluoro 
propane 

CH3CH2I 

Ethyl  iodide 

CF3CF2Br 

Bromopentafluoroethane 

ch3i 

Methyl  iodide 

CBrF3 

Bromotrifluoromethane 

CH3CH2Br 

Ethyl  bromide 

CH2BrCF2CH3 

l-Bromo-2, 2-difluoro- 
propane 

CClF2CHBrCH3 

2-Brcmo-l-chloro-l ,1- 
difluoropropane 

CHBr2F 

Dibromofluorcoethane 

4.3 

51.96 

2 

17 

4.9 

38.71 

3 

4 

4.9 

56.87 

4 

22 

5.0 

79.01 

5 

37 

5.2 

40.39 

6 

7 

5.3 

58.19 

7 

26 

5.4 

42.67 

8 

11 

5.6 

39.00 

9 

5 

6.1 

54-16 

10 

18 

6.1 

38.67 

n 

3 

6.1 

40.57 

12 

8 

6.2 

30.15 

13 

1 

6.3 

44.69 

14 

13 

6.4 

55-38 

15 

20 

6.4 

54.85 

16 

19 

*  These  values  were  obtained  by  calculations  assuming  100  liters  of  gaseous 
mixture  at  0*6.  and  one  atmosphere  of  pressure. 
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Table  II  (Continued) 


ComDOund 

Peak  in 
Flammability 

Order  of 
Effective¬ 
ness 

Formula 

Name 

Curve, 

% 

Extinguisher.*.* 

Vol. 

Wt, 

CBrF2Ol2Rr 

1,2-Dibromotetrafluoro- 

ethane 

6.8 

68.0 

basis  basis 

17  30 

CF3CH2Br 

C7Ft6 

C$F i iCjFs 

2-Bromo-l , 1 , 1-trifluoro- 
afehane 

Perfluoroheptane 
Perfluoro( ethylcyclo- 
hexane) 

6.8 

7.5 

6.8 

49.66 

129.91 

121.42 

18 

26 

19 

16 

49 

46 

li3-C6F10(CF3)a 

Perfluoro ( 1 , 3-dimethyl- 
cyclohexane) 

6.8 

121*42 

26 

47 

1»^-C®Fio(CF3)2 

Perfluoro ( 1 , 4-dimethyl - 
cyclohexane) 

6.8 

121.42 

21 

48 

CF3I 

T  r ifluoro iodometh an e 

6.8 

59.5 

22 

27 

CHaBrCHjCl 

l-Bromo-2-chloroethane 

7.2 

45.69 

23 

14 

CClFaCHaBr 

2-Bromo-l-chloro-l , 1- 
difluoroethane 

7.2 

57.69 

24 

24 

C6FnCF3 

Perfluoro (methyl- 
cyclohcxane) 

7.5 

117.18 

25 

45 

CH2BrCl 

Bromochlorome thane 

7.6 

43.93 

27 

12 

CHBrFg 

Bromodifluorcmethane 

8.4 

49.12 

28 

15 

CClF2CClaF 

1,1,2-trichlorotri- 

fluoroethane 

9.0 

75.3 

29 

36 

CBrClF2 

Brcmochlorodifluoro- 

methane 

9.3 

68.71 

30 

31 

HBr 

Hydrogen  bromide 

9.3 

33.62 

31 

2 

CH3Br 

Methyl  bromide 

9.7 

41.13 

32 

9 

CFa-CHBr 

2,2-Difluorovinyl  bromide  9.7 

61.92 

33 

28 

n-C^F i o 

Perfluoro  n-butane 

9.8 

104.12 

34 

44 

*  These  values  were  obtained  by  calculations  assuming  ICO  liters  of  gaseous 
mixture  at  0°C.  and  cne  atmosphere  of  pressure. 
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Tabic  II  (Continued) 


Order  of 

Peak  in  Effectiveness 


Compound 

Flanmability 

Vol. 

Wt. 

Formula 

Name  _ 

Curve.  % 

Extinjmisher.a.* 

bis is  basis 

SiCU 

Silicon  tetrachloride 

9.9 

75.1 

35 

35 

CBrF2CBrClF 

1 . 2- Dibromo- 2-Ch loro-1, 

1 . 2- trifluoroethane 

10.8 

133.5 

36 

50 

CC1F*CC1F2 

1,2-dichlorotetrafl.uoro- 

ethane 

10.8 

82.4 

37 

40 

CCI4 

Carbon  tetrachloride 

11.5 

79.0 

38 

38 

CF3CHC1CH3 

2-chloro-l , 1 ,1-tr i- 
fluoropropane 

12.0 

70.99 

39 

33 

CF3CH2CH2C1 

3-chloro-l,l,l-tri- 

fluoropropane 

12.2 

72.16 

40 

34 

CC1F3 

Chlorot  rif  luoromethane 

12.3 

57.38 

41 

23 

cf3cf3 

Hexafluoroethane 

13.4 

82.55 

42 

a 

cci2f2 

Dich lorodif luoromethane 

14.9 

80.4 

43 

39 

chci3 

Chloroform 

17.5 

93.3 

44 

42 

chf3 

T  rif luoromethane 

17.8 

55.6 

45 

21 

chcif2 

Chlorodif luoromethane 

17.9 

69.12 

46 

32 

Cj,F8 

Octafluorocyclobutane 

18.1 

161.61 

47 

53 

sf6 

Sulfur  hexafluoride 

20.5 

133.6 

48 

51 

bf3 

Boron  Trifluoride 

20.5 

62.05 

49 

29 

PC13 

Phosphorous  trichloride 

22.5 

138 

50 

52 

HC1 

Hydrogen  Chloride 

25.5 

41.55 

51 

10 

CF* 

Carbon  tetrafluoride 

26 

102.1 

52 

43 

C02 

Carbon  dioxide 

29.5 

57.94 

53 

25 

*  These  values  were  obtained  by  calculations  assuming  100  liters  of  gaseous 
mixture  at  0*C.  and  one  atmosphere  of  pressure. 


Effect  of  Temperature.  The  effect  of  temperature  upon  the 
coordinates  of  the  peek  lit  the  flanmability  curves  and  the  flasra&ble 
areas  was  determined.  Since  it  was  desired  that  one  of  the  temperatures 
be  at  least  as  low  as  -50*C.  it  was  necessary  to  choose  materials  for 
this  study  whichhave  a  vapor  pressure  at-50FC.  sufficiently  high  to 
obtain  mixtures  having  the  desired  concentrations,  as  the  test  procedure 
is  based  upon  the  measurement  of  the  flaonability  of  a  mixture  of  vapors. 
Methane  was  investigated  first  as  the  flunable  material,  but  it  was 
observed  that  the  flame  was  not  always  luminous.  Isobutane  was  found 
to  be  satisfactory  in  all  respeets  as  the  flammable  material.  Methyl 
bromide,  bromotrifluorcoethane  and  chlorotrifluorcmothane,  sulfur  hexa¬ 
fluoride  and  carbon  tetrafluoride  were  chosen  for  use  as  the  flame 
inhibitors. 


The  apparatus  used  was  similar  to  the  one  previously  described 
except  that  the  ccmbusticn  tubes  were  iamersed  in  a  constant  temperature 
bath  as  shown  by  photograph  in  Plate  I  and  by  diagram  in  Figure  4.  The 
Pyrex  combustion  tube  (A)  was  51  an.  inside  diameter  and  120  cm.  long. 

The  rubber  stopper  (B),  held  on  by  atmospheric  pressure,  sealed  the  upper 
end  of  A.  The  lower  end  of  A  was  connected  by  means  of  8  ran.  Pyrex  tubing 
(C)  to  the  gas  mixing  system.  The  upper  end  of  A  was  connected  to  the  gas 
mixing  system  by  means  of  E.  The  gas  mixing  system  consisted  of  the 
mercury  piston  (G)  and  the  one-way  check  valves  (F).  Thus,  when  the  mer¬ 
cury  rose  and  fell  in  G,  the  gas  mixture  in  A  was  circulated  and  thoroughly 
blended  into  a  homogeneous  mixture.  Relay  (J)  and  solenoids  (It  and  I2) 
controlled  the  pump  action  in  G  by  regulating  the  flow  of  canpressed  air 
into  the  mercury  reservoir  (H).  Tube  A  was  connected  to  the  manifold  (L) 
through  stopcocks  (D  and  Hs).  Manometer  (M)  was  used  to  measure  the 
pressure  in  A.  A  vacuum  pimp  and  sources  for  dry  air,  fuel,  and  halogen 
compound  were  connected  to  L  through  stopcocks  (Hi,  N2,  N3,  and 

respectively).  The  electrodes  (0)  used  for  ignition,  were  made  of  number 
29  gauge  platinum  wire  and  were  connected  to  the  high  voltage  terminals 
of  a  Model -T  Ford  induction  coil  (not  shown).  The  constant  temperature 
bath  (P)  was  constructed  of  one-sixteenth  inch  sheet  copper  and  was  lagged 
with  1.5  inches  of  magnesia  (not  shown).  For  elevated  temperatures  the 
bath  was  filled  with  oil  which  was  heated  by  250-watt  nichrcme  wire 
immersion  heaters  (not  shown).  For  low  temperatures,  the  bath  was  filled 
with  trichloroethylene  and  cooled  with  pry  Ice. 

The  apparatus  was  operated  as  follows:  Tube  A  was  evacuated 
the  vacuum  pump  by  closing  and  opening  appropriate  stopcocks.  Fuel,  ex¬ 
tinguisher,  and  dry  air  were  introduced  in  order  of  increasing  vapor 
pressure.  The  composition  was  calculated  from  the  partial  pressure  of  each 
component  as  noted  on  the  manometer  (M).  Clamp  (Q)  was  opened  and  the 
pump  (G)  was  allowed  to  operate  until  thorough  mixing  had  occurred.  The 
mixing  time  was  determined  by  several  preliminary  runs.  After  mixing, 
the  mixture  was  fired  and  a  positive  result  was  recorded  if  the  flame 
traveled  the  idiole  length  of  the  tube  A.  Before  the  next  run  the  system 
was  flushed  with  air  by  opening  stopcock  K. 

Coordinates  for  the  peak  in  the  flammability  curves  for  mixtures 
of  the  halogen  compounds  with  air  and  isobutane  at  -78®C. ,  ♦26°C.  (room 
temperature)  and  *145*0.  are  summarized  in  Table  III,  The  flammable  areas 
at  -78®,  $26®  and  +145*C.  are  shown  in  Figures  5-18  inclusive.  The  order  of 
effectiveness,  based  upon  the  amount  of  halogen  compound  in  the  mixture,  is 
the  same  at  -?8*C.  as  at  +26*C.  The  order  is  as  follows. 


Table  III 
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EFFECT  OF  TEMPERATURE  ON  THE  PEAK  IN 
TOE  FLAMMABILITY  CURVES 


Temperature,  ®C.  -78  ■'■26  *145 


Peak  in  flaamability  Peak  in  flammability  Peak  in  flamn&bility 
curve  curve  curve 


Halogen 

Compound 

Halogen 

Compd.£ 

C4H10 

Halogen 
Compd. ,% 

Halogen 
Compd. ,% 

CBfF3 

3.25 

4.5 

4.7 

4.6 

7.3 

4.0 

CH3Br 

3.75 

3.5 

6.75 

4.0 

8.3 

4.0 

CCIF3 

6.25 

3.5 

10.75 

4.25 

12.8 

4.0 

3F6 

12.75 

5.0 

15.75 

5.0 

17 

5.5 

cf4 

18.25 

5.0 

23.75 

4.0 

14 

3.5 

25. 


Figure  6  Effect  of  Tcnpercture  on  Pock  in  the  Flenaebility  Curvee 
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Figure  7  Effect  of  Temperature  on  Peek  In  the  Flcauaabiltty  Curves 


Figure  8  Effect  of  Temperature  on  Peak  in  the  Flammability  Curves 
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ri^ire  9  Effect  of  Temperature  on  Peek  in  the  FlomacMlltp  Curves 
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Figure  11  Effect  of  Temperature  on  Peak  In  the  Flammability  Curves 
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Figure  12  Effect  at  Teaperature  on  Peak  in  the  Tlaacabillty  Currea 
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Figure  16  Effeot  of  Temperature  on  Peak  of  the  Flammability  Curves 


TEMPERATURE  -  *  MS’C. 


TEMPERATURE  -  +/45*C. 
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1.  bromotrifluoroBwthanc 

2.  methyl  bromide 

3.  chlorotrifluoromethane 

4.  sulfur  hexafluoride 

5.  carbon  tetrafluoride 

At  14 5 "’C.  the  order  of  decreasing  effectiveness  is  broootrifluoranethano, 
methyl  bromide,  chlorotrifluoromethane  and  carbon  tetrafluoride. 

As  shown  in  Figures  5”?,  the  curves  defining  the  flamatl-  areas 
at  -?8*C.  are  quite  irregular.  The  flammable  area  for  mixtures  of  air, 
chlorotrifluoromethane  and  isobutane  is  unioue  since  it  is  divided  into 
two  regions-  None  of  the  mixtures  containing  236  chlorotrifluorcmethane 
burned.  There  i3  a  constriction  in  the  flansnable  area  for  mixtures  of 
bromotrifluororaethane,  isobutene  and  air  at  1$  bromotrifluorooethane.  There 
is  a  slight  indentation  in  the  curve  shoeing  the  flamafcle  area  for  mix¬ 
tures  of  carbon  tetrafluoride,  isobutane  and  air.  There  is  no  evidence 
of  such  phenomena  in  the  corves  showing  the  flammable  areas  with  the  other 
halogen  compounds.  Likewise  there  is  no  evidence  of  such  a  constriction 
in  any  of  the  flannable  areas  doterained  at  room  temperature  using  heptane 
as  the  flannable  material.  Since  a  2 one  of  non-combustion  was  found  to 
exist  with  isobutane  and  chlorotrifluoromethane  at  low  temperatures,  the 
region  above  the  peak  in  the  flammability  curve  for  mixtures  of  air, 
chlorotrifluoromethane  and  isobutane  at  «-26eC.  was  explored  to  determine 
whether  a  second  flammable  area  could  be  found.  No  area  of  combustion  was 
found  even  with  concentrations  of  4056  chlorotrifluoromethane.  With  one 
exception,  the  data  in  Table  III  support  the  hypothesis  that  the  percentage 
of  halogen  compound  in  the  mixture  of  air,  flammable  material  and  halogen 
compound  at  the  peak  in  the  inflammability  curve  increases  as  the  tem¬ 
perature  increases.  Carbon  tetrafluoride  appears  to  be  more  effective  in 
reducing  the  flasmability  of  mixtures  of  air  and  isobutane  at  lAJ'X.'  than 
at  26°C.or  at  -78*C. 

Effect  of  Flammable  Materials.  This  research  project  was 
undertaken  to  find  a  superior  fire  extinguishing  agent  for  use  in  combating 
fires  resulting  from  flammable  liquids  and/or  electricity.  Early  in  the 
research  orogram,  it  was  demonstrated  that,  in  general,  the  types  of  materials 
being  investigated  for  possible  fire  extinguishing  agents  were  nonconductors 
of  electricity1  Since  heptane  vapors  were  used  in  the  evaluation 

studies,  it  seemed  wise  to  undertake  a  project  to  determine  whether  or 
not  a  parallel  relationship  exists  between  the  abilities  of  halogen  con¬ 
taining  compounds  to  reduce  the  flajnnability  of  mixtures  of  air  and  heptane 
and  mixtures  of  air  with  other  flamable  materials.  Fcntane,  benzene, 
ethanol,  diethyl  ether,  acetone  and  ethyl  acetate  were  chosen  as  the 
combustibles  after  a  consideration  of  availability  and  volatility  as  well 
as  flansnability.  Methylene  dibremide,  ethyl  bromide,  methyl  bromide, 
sulfur  hexafluoride,  carbon  tetrafluoride,  and  broootrifluoromethane  were 
chosen  as  the  flame  inhibitors.  These  materials  were  chosen  because  of 
their  availability  and,  on  the  basis  cf  previous  tests,  because  a  vdde 
range  of  effectiveness  is  represented  by  these  materials.  Data  are 
summarized  in  T' tie  IV  which  show  the  peak  in  the  flammability  curve  for 
the  various  combustibles  mixed  ith  air  and  with  the  selected  halogen 
containing  compound. 
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It  can  be  concluded  from  tne  data  in  Table  IV  that  a  qualitative 
parallel  relationship  exists  bet..een  the  a  bilities  of  halogen  containing 
compounds  to  reduce  the  flaaroability  of  mixtures  of  air  and  heptane  and 
mixtures  of  air  with  other  flammable  materials.  Those  points  which  appear 
to  be  more  or  less  effective  than  expected  have  been  checked  and  found 
to  be  accurate  within  experimental  error. 

Effect  of  Binary  Mixtuea  of  Halogen  Compounds.  Developments 
haw  emphasized  the  need  for  a  fire  extinguishing  agent  applicable  for 
use  at  temperatures  ranging  upward  Tran  -54*C.  (-65*F.).  A  single 
material  which  could  be  used  over  the  entire  temperature  range  would  be 
desirable.  One  requirement  of  such  a  material  is  that  it  have  a  vapor 
pressure  sufficiently  high  at  the  low  temperature  to  propel  itself  from 
the  container  to  the  fire.  The  vapor  pressure  of  chlorotrifluoro- 
methane  (b.p.  -70*C)  is  too  low  at  -54*C.  to  carry  the  extinguishing 
agent  any  appreciable  distance  from  its  container  22  .  Therefore,  it 
seems  probable  that  a  substance  should  have  a  boiling  point  af  -100* C. 
or  lower  if  it  is  to  be  a  self-propelling  fire  extinguishing  agent  at 
~54*C.  Chemicals  selected  from  a  group  of  about  ten  thousand  organic  and 
inorganic  materials  having  a  normal  boiling  point  below  -10C°C.  are 
listed  in  Teble  V.  An  examination  of  this  list  shows  that  those  known 
materials  which  may  be  of  interest  as  a  fire  extinguishing  agent  are 
limited  to  a  small  group  comprising  of  helium,  neon,  nitrogen,  argon, 
krypton,  nitric  oxide,  carbon  tetrafluorJ.de,  nitrogen  triflucride  and 
xenon. 


Carbon  tetrafluoride  has  been  shown  to  be  more  effective  with 
respect  to  fire  extinction  properties  than  nitrogen.  It  is  believed 
that  there  is  no  great  difference  in  effectiveness  between  nitrogen, 
helium,  neon,  argon,  krypton,  and  xenon.  The  choice  would  depend  upon 
performance  tests,  availability  and  economics. 

Nitric  oxide  has  favorable  physical  properties  but  its  chemical 
properties  are  unfavorable.  One  reaction  may  be  summarized  as  follows: 

2N0  +  0* - 9  2N0j} 

3N02  ♦  H20 - >  2HN03  +  NO 

The  first  reaction  may  be  advantageous  since  oxygen  is  being  consumed, 
but  the  second  reaction  would  be  disadvantageous  because  of  the  corro¬ 
sive  nature  of  nitric  acid  produced  by  the  reaction  of  nitrogen  dioxide 
with  water. 


In  view  of  the  relatively  few  compounds  available  with  boiling 
points  below  -100°C.,  it  seems  evident  that  a  higher  boiling  substance (s) 
will  have  to  be  used  along  with  a  propellant.  Such  a  material  should 
have  a  freezing  point  below  -54#C.  and  should  be  relatively  non-viscous  at 
-54°C.  If  the  fluid  is  a  mixture  of  substances,  the  freezing  point  of 
one  or  more  of  the  components  may  be  somewhat  higher  than  -54'C, 
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Table  IV 

EFFECT  OF  FLAMMABLE  MATERIALS 


Halogen 

Compound  CH2Br2  CBrFj  C2H5Br  CH3Br  SF6  (JF^ 


Flammable 

Materials 

CtH16 

5.2 

6.1 

6.2 

9.7 

20.5 

26 

CsH12 

6;  8 

6.3 

6.3 

8.4 

19.8 

20.4 

CfcHft 

7.3 

4.3 

8.2 

«*4; 

18. 3 

23.6 

c2h5oh 

5.7 

3.7 

5.2 

6.4 

10.6 

19.8 

(c2k5)2o 

7.7 

6.3 

7.3 

7.2 

21.8 

22.4 

CH3COCH3 

5.7 

5.3 

5.3 

7.3 

16.4 

18.7 

31 3CG2C2H  5 

A.  3 

4.6 

6.3 

r.8 

17.5 

21.4 

a 


Table  V 

HELICALS  BOILING  BELOW  -100® C.  AT  NORMAL  PRESSURES 


Name 

Formula 

M.P..®C. 

Mol.Wt. 

Remarks 

Helium 

He 

-?68.9 

<-272 

4 

Hydrogen 

h2 

-252.7 

-259.1 

2 

Flammable 

Neon 

Ne 

-245.9 

-248.7 

20 

Nitrogen 

Ns 

-195.8 

-209.9 

28 

Carbon  Monoxide 

CO 

-192 

-207 

28 

Flammable, highly 
toxic 

Fluorine 

F2 

-187 

-223 

38 

Extremely  reactive 

Argon 

A 

-135.7 

-189.2 

40 

Oxygen 

°2 

-183 

-218.4 

32 

Supports  combustion 

Fluorine  Oxide 

F20 

-167 

54  Believed  highly  toxic 

Methane 

ch* 

-161.4 

-182 

16 

Flaranable 

Krypton 

Kr 

-151.8 

-169 

84 

Nitric  Oxide 

NO 

-151 

-161 

30 

Carbon  Tetrafluoride 

CF^ 

-128 

-184 

88 

Silane 

SiH* 

-112 

-185 

32 

Ingnites  spontaneously 

02  one 

03 

-112 

-?51 

48 

Favors  combustion 

Nitrogen  Trifluoride 

NF, 

-110 

-210 

71 

Xenon 

Xe 

-109 

-140 

231 

Ethylene 

C2H* 

-103.9 

-169 

28 

Flammable 

B'lron  Trifluoride 

bf3 

-101 

-127 

68 

Hydrolyzes  readily 

4«*. 


The  possible  need  for  using  a  mixture  of  compounds  for  a  fire 
extinugiahin?:  agent  was  mentioned  in  the  preceding  paragraphs.  Accord¬ 
ingly,  research  wa3  initiated  to  determine  the  effectiveness  of  binary 
mixtures  of  halogen  containing  compounds  in  decreasing  the  flammability  of 
mixtures  containing  n-heptane,  air  and  halogen  compounds.  Data  obtained 
in  this  preliminary  study  arc  sunaarized  in  Table  VI,  These  data  in¬ 
dicate  that  in  certain  instances  the  use  of  a  mixture  of  halogen -containing 
compounds  is  advantageous. 

In  subsequent  studies  pentane  was  used  as  the  flammable  material 
to  avoid  certain  irregularities  in  the  data  believed  to  result  from  the 
condensation  of  the  heptane  from  the  mixture.  The  concentration  of 
combustible  material  was  maintained  constant  in  thi3  study.  Pentane 
concentrations  of  2.5,  4  and  6*  were  used  with  each  mixture  of  halogen 
compound.  The  data  are  plotted  in  Figures  19-36  inclusive.  The  straight 
line  in  each  plot  represents  the  curve  expected  if  the  relationship  between 
the  flame  inhibition  activities  of  the  two  extinguishing  agents  were 
arithmetical.  Mixtures  of  ethyl  bromide  and  methyl  iodide  follow  this 
line  at  a  pentane  concentration  of  4*  (Fig.  26).  At  a  pentane  con¬ 
centration  of  2.5*  (Fig.  25)  the  curve  lies  below  the  line  for  mixtures 
of  ethyl  bromide  and  methyl  iodide  containing  65-100*  ethyl  bromide, 
indicating  that  the  mixture  in  this  region  is  more  effective  than  cal¬ 
culated.  The  curve  lies  above  the  line  for  mixtures  containing  from 
35-100*  methyl  iodide  (0-65*  ethyl  bromide) ,  indicating  that  in  regions 
the  mixture  -is  less  effective  than  calculated  fran  the  consideration 
of  the  effectiveness  of  the  two  components.  At  a  pentane  concentration 
of  6*  (Fig.  27),  the  entire  curve  lies  below  the  straight  line.  At 
pentane  concentrations  of  2.5*,  4*  and  6*  (Figs.  28,  29  and  30),  the 
curves  for  mixtures  of  ethyl  bromide  and  methylene  chloride  lie  below 
the  straight  line,  indicating  a  synergistic  effect  in  all  pentane  con¬ 
centrations  of  this  binary  mixture  of  halogen  compounds.  This  is  the 
only  mixture  investigated  which  shows  enhancement  of  effectiveness  in  all 
concentrations  of  the  hydrocarbon.  A  summary  of  the  effect  of  the  mix¬ 
tures  is  given  in  Table  VII. 

The  evaluation  of  mixtures  of  carbon  tetrachloride  and 
trichloroethylene  was  performed,  in  response  to  a  request  from  repre¬ 
sentatives  of  ERDL.  This  request  was  made  since  a  mixture  comprising 
70*  carbon  tetrachloride  and  30*  trichloroethylene  has  been  recommended 
for  use  as  a  fire  extinguishing  fluid.  In  general  on  the  basis  of  tests 
with  pentane,  it  can  be  stated  that  a  mixture  comprising  70*  carbon 
tetrachloride  and  30*  trichloroethylene  are  not  the  most  effective  that 
can  be  obtained  by  mixing  the  two  compounds.  In  choosing  the  composition 
of  such  a  mixture  consideration  must  be  given  to  economic  factors  and 
freezing  point  characteristics  as  well  as  effectiveness.  Should  the 
70-30  composition  represent  the  optimum  from  the  cost  consideration 
and  the  freezing  point  characteristics,  then  a  sacrifice  in  effectiveness 
may  be  justified. 


Table  VI 


EFFECT  OF  BINARY  MIXTURES  OF  HALOGEN  COMPOUNDS  IN 
DECREASING  THE  FLAMMABILITY  OF  MIXTURES  CONTAINING 
AIR  AND  n-HEPTANE 

(%  CH2Br2  *  %  Compound  A) 


Peak  in  Flammability  Curves _ 

Mixture.^ 


Compound  A 

Compound  k.% 

Obs. 

Calc.* 

CBr3F 

5.2 

4.3 

5.3 

4*8 

CgFi iC 2F5 

5.2 

6.8 

5.4 

6.0 

CH3CH2Br 

5.2 

6.2 

5.7 

5.7 

CC14 

5.2 

11.5 

7.2 

8.4 

CHC13 

5.2 

17.5 

9.3 

11.4 

*  Calculated  Value  =  %  CHpDr?  +  %  Compound  A 
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Figure  19  Effect  of  I'inary  Mixtures  in  Daeraeal^ 
the  Flammability  of  Air  and  Pantane 
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Pigute  20  Effect  of  Binary  Mixtures  in  Decreasing 
the  Flammability  of  Air  and  Pentane 


CONCENTRATION ,  2.S  PERCENT) 


^  yj  >  ^  "S  O 

iW.71  or1 7^  _?*V/?7Cy)  '  1MDJ.X!  ^  NOfJNVDQNaAHOlVjJ 

Fi?rur«  23  Effect  if  ®«mry  lxtnrea  in  Doerf^sln^ 
ih»  Flamonb^lity  of  \ir  *nr?  “untune 


or  CfHu  ,  CHS  Br  ,  AND  C4  Fk 
Csh L  coricenTratton,  6  percent) 


INlDdld  3W/V70A 

the  Flawbllity  of  Mr  -’nd  Pentane 


■"-  * 


J.  N 30H 3d  3Hfi  10A 

3dniX/ld  'N09dVD0dQAH0 1VH 

Figure  25  Effect  of  Binary  Mixtures  in  Decreasing 
the  Flaoeabllity  of  Air  and  Feat ana 
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Figure  29  Effect  of  binary  Mixtures  la  Decreasing 
the  Flajmabillty  of  Air  and  Pentane 
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Figure  30  Offset  of  Binary  liixturea  in  Decreasing 
the  Flaanebility  of  Air  and  Pentane 
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figure  32  effect  of  Binary  4 stores  in  Teereaeln* 
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Table  Vll 

BINARY  MIXTURES  OF  HALOGEN  COMPOUNDS 


Mixture 

Pentane.  % 

Effect 

CH3Br-SF6 

2.5 

Synergistic  over  40  to  10C$  SF6}  less 
effective  over  other  concentrations 

4.0 

Synergistic  over  entire  range 

6.C 

Synergistic  over  entire  range 

r*i3Br-Ci,Fio 

2.5 

less  effective  than  calculated  over 
entire  range 

4-0 

Synergistic  over  entire  range 

6,0 

Synergistic  over  entire  range 

<N3Br-C2H5Br 

2.5 

Less  effective  than  calculated 

CH3I-C2H5Br 

2  5 

Synergistic  for  CjHsBr  concentrations 
of  65-100$;  less  effective  than  cal¬ 
culated  at  other  concentrations 

4.0 

Follows  curve  calculated 

6,0 

Synergistic  over  entire  range 

CH2C12— C2H  ^Br 

2.5 

Synergistic  over  entire  range 

4.0 

Synergistic  over  entire  range 

6.0 

Synergistic  over  entire  vange 

CC1F3-C2H  5Br 

2.5 

Synergistic  at  CC1F3  concentrations  of 
55-100$;  leS3  effective  at  other 
concent  rat ions 

4X 

Synergistic  at  CC1F3  concentrations 
of  40  to  100$;  less  effective  at  other 
concentrations 

6.0 

Follows  calculated  curve  75  to  100$ ; 
loss  effective  at  other  concentrations 

CCL»-CC1?,-CC1H 

2.5 

Synergistic  for  CCI4  concentrations 
of  30-100$;  less  effective  at  other 

concentrations. 


4 
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Table  VII  (Continued) 


Mixture  Pwatane.  $  Effect 

4  Synergistic  for  CCI4  concentrations 

of  70  to  100$}  less  effective  than 
calculated  aVCCl*  concentration 
of  28-70$  and  synergistic  at  con¬ 
centration  of  0  to  24$  CC1*. 

6  Less  effective  at  concentrations 

of  CCI4  f>-'T’  4 5-100$ j  More  er  as 
effective  j.-jr  CC1*  concentrations 
of  0-45$ 


6 ^ 


Effect  of  Pressure .As  a  continuation  of  a  study  of  the  effect 
of  variables  cn  the  flosavaule  limits  of  mixtures  containing  air,  n-heptane 
and  a  halogen  compound,  the  flanmable  areas  at  subatao spheric  pressures  and 
at  room  temperature  were  determined  for  these  mixtures  wherein  methyl 
bromide,  trifiuorcraethyl  bromide,  and  dichlorodiflucroraethane  were  used 
as  the  halogen  compounds.  The  areas  obtained  at  pressures  of  200,  300, 

400  and  500  mm.  Hg.  pressure  are  shown  in  Figures  37-48,  inclusive.  Data 
sharing  peaks  in  the  flanmable  areas  are  summarized  in  Table  VIII.  For 
mixtures  containing  methyl  bromide  as  the  flame  inhibiting  agent  it  can 
be  seen  that  not  only  is  the  flammability  peak  lowered  with  a  decrease 
or  increase  in  pressure  from  400  am.  Hg.,  but  that  in  general  the 
flammable  area  lies  within  the  area  found  at  400  ran.  Hg  pressure.  But 
when  t r If luc remethyl  bromide  was  used  as  the  flame  inhibiting  agent  the 
peak  in  the  flammability  curve  was  essentially  the  seme  at  300,  400  and 
500  ran.  Hg  pressure  and  lower  at  200  ran.  Hg  pressure.  In  the  case  of 
dichlorodif luoromethane ,  the  peaks  are  equivalent  at  300  end  400  mrn.  Hg 
pressure  and  lower  at  2C0  and  500  mm.  Hg  pressure. 

These  examples  are  too  few  to  warrant  drawing  any  conclusions 
concerning  the  effect >of  pressure  on  the  flammable  areas. 


Stability  Tests 

Specifications  of  the  desired  fire  extinguishing  fluid  require 
a  compound  stable  under  any  climatic  condition  for  long  periods  of  time. 
An  accelerated  test  is  desirable  in  a  program  in  which  a  number  of  con¬ 
ditions  was  used  in  predicting  the  behavior  of  the  compounds  when 
stored.  Iron,  copper,  aluminum,  brass  and  magnesium  were  chosen  for 
use  In  these  studies  because  they  are  ccenonly  encountered. in  materials 
of  construction. 

Stability  at  Reflux  Temperature.  Tests  were  conducted  to  show 
the  stability  of  halogen  compounds  being  investigated  to  iron  filings, 
alu&inum  powder  and  copper  powder.  The  experiments  were  conducted 
as  follows:  A  10  mi.  sample  of  halogen  compound  was  refluxed  with  the 
finely  divided  metal  for  100  hours.  The  liquid  was  then  tested  for  un¬ 
saturation  with  a  solution  of  pottfesiian  permanganate  in  a  cetone  and  the 
aqueous  extract  for  halide  ions  using  the  zirconyl-alizarin  "Red  S'1 
test  for  fluoride  ion  and  aqueous  silver  nitrate  for  bromide  and  chloride 
ions.  The  test  was  followed  with  arother  in  which  10  ml*  of  distilled 
water  was  added  to  the  mixtures  of  organic  compound  and  metal  and  the 
resulting  mixture  refluxed  for  100  hours.  Tests  for  halide  ions  and 
unsaturation  were  carried  out  as  described  previously.  The  results  of 
these  tests  are  summarized  in  Table  IX.  The  data  show  that  in  general 
the  compounds  are  quite  stable  to  both  iron  and  copper  under  the  con¬ 
ditions  of  the  test.  Decomposition  was  observed  with  wet  bromochloro- 
methane,  (not  shown  in  Table  IX)  l-brcmo-2-chloroethane  and  carbon 
tetrachloride  in  contact  with  both  iron  filings  and  copper  powder. 
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PERCENT  CH.B*  BY  VOLUME 


PERCENT  CH*Br  BY  VOLUME 


PRESSURE  m  200  mm 


Figure  45  Effect  of  Pressure  on  Peak  In  the  Flanubillty  Curves 


■>*» 


o 


K  CO  *0  Nf  f*>  M  -X 

3 wn 70 A  A9  9W0  .LN30H39 

&  46  Effect.  of  Prosa'ire  on  Peak  m  the  neamability  Curves 


Table  VIII 


TOE  EFFECT  OF  PRESSURE  ON  WE  PF>K 


IN  THI 


Compound 

ffl38r 

CBrF3 

CC12F2 


200 

300 

MX) 

500 


200 

300 

MX) 

500 


200 

300 

MX) 

5CO 
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FUHMABILITT  curve 


Peak  ir.  Flammability 

~vet%  Halogen  Compound 


5.8 

6.6 

9.7 

7.2 


4.3 
6.1 
6.1 

6.3 


13.4 

14.8 

14.9 

13.4 
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Table  IX 


CORROSIVE  ACTION  OF  HALOGEN  COMPOUNDS  AT  REFLUX  TEMPERATURE 

(TIME,  IOO  HOURS) 


UMtawl 

Petfluorohaptane 
Copper  Powder 
Aluminum  Powder 
Iron  Filings 

Perfluoroethylcyclo- 

huxane 

Copper  Powder 
Aluminim  Powder 
Iron  Filings 

Per  f luo  ro-1 , 4-dimethyl 
cyclohexane 

Copper  Powder 
Aluainm  Powder 
Iron  Pilings 

Perfluorcmethylcyclo- 

hexane 

Copper  Powder 
Alvnintxn  Powder 
Iron  Filings 

Perflucronapfcthalans 
Copper  Powder 
Aluminum  Powder 
Iron  Filings 

Perfluoroindane 

Copper  Powder 
Aluminum  Powder 
Iron  Filings 

Carbon  Tetrachloride 
Copper  Powder 
Aluminum  Powder 
Iron  Filings 

Dichloromethane 

Copper  Powder 
Aluminum  Powder 
Iron  Filings 


Anhydrous 


UaaatEu  Halide  loss 


Hydrous 


Unsatn.  Halide  Ions 


+ 

+ 

♦ 


l-Bromo-2-ch loro ethane 

Copper  Powder  -  ♦ 

Aluminum  Powder  -  + 

Iron  Filings  -  ♦ 

♦  Indicates  positive  tests j  -  indicates  negative  tests. 
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Another  series  of  tests  were  conducted  in  tdtich  carbon  tetra¬ 
chloride  (with  and  without  an  inhibitor)  and  fcrccocfclorcse thane  were 
treated  in  the  following  manner:  A  mixture  comprising  15  ml.  of  the 
test  compound  and  15  ml.  of  distilled  water  was  refluxed  for  100  hours 
in  the  presence  of  polished  and  weighed  strips  of  copper,  aluminas  and 
iron.  The  results  of  these  experiments  are  suesaarised  in  Table  X.  These 
data  indicate  that  carbon  tetrachloride  is  more  corrosive  to  copper  and 
iron  than  brcmochlorcmethane.  In  all  three  cases  the  al  uminum  strip 
was  consumed. 

Stability  at  Elevated  Temperatures*  A  series  of  experiments 
were  conduct t  ;  in  which  the  test  >: ..sounds  were  heated  in  contact  with 
strips  of  metal  at  392* F.  (200°C.).  Only  the  materials  boiling  above 
about  50*C.  were  used  in  this  study  and  these  compounds  were  chosen 
to  show  the  effects,  if  any,  of  structural  relationships  on  instability. 

The  procedure  used  in  this  study  was  as  fallows:  Polished  and 
weighed  strips  of  the  metal  and  20  ml.  of  the  halogen  compound  were 
sealed  in  ampoules  (Carius  tubes).  The  tubes  were  inserted  in  iron 
pipes  which,  in  tum,  were  placed  in  an  oven  heated  at  39?* F.  After 
30  days,  the  tubes  were  allowed  to  cool  to  room  temperature  and  then 
opened.  The  physical  appearance  of  each  strip  was  noted.  After  re¬ 
moving  coatings  from  the  strips  which  had  corroded,  the  strips  were 
reweighed  and  changes  in  weight  compared  with  the  original  value  were 
recorded.  This  study  was  initiated  to  show  the  stability  of  halogen 
compounds  to  aluminum,  copper  and  iron,  comnon  materials  of  construction. 
After  this  study  was  initiated  it  was  requested  that  brass  strips  be 
substituted  for  copper  strips.  Data  are  summarized  in  Table  XI. 

Compounds  showing  marked  instability  to  the  metals  at  392*  F. 
were  heated  in  contact  with  the  same  metals  at  200* F.  In  addition, 
experiments  were  conducted  in  which  the  halogen  containing  compounds 
were  heated  in  contact  with  magnesium  ribbon  at  200°F.  Data  from  these 
experiments  ere  sumnarized  in  Table  XII.  Experiments  with  magnesium 
deviated  from  the  experiments  with  the  other  metals  in  one  respect,  namely, 
after  t^o  *eeks  at  200° F»  the  ampoule  was  removed  from  the  oven,  cooled 
to  room  temperature,  and  the  contents  examined  visually.  Those  ampoules 
in  which  there  was  little  or  no  attack  on  the  magnesium  were  returned 
to  the  oven  for  a  second  period  cf  heating. 

The  compounds  have  been  divided  into  four  groups,  according 
to  the  weight  change  in  the  metal.  Group  A  contains  those  compounds 
in  which  the  weight  change  was  less  than  0.01  g.  Group  B  contains 
those  compounds  in  which  the  weight  change  was  between  0.01  and  0.1  g. 
Group  C  contains  those  compounds  in  which  the  weight  change  was  greater 
than  0.1  g.  and  less  than  complete  consumption  of  the  metal.  Group  D 
contains  those  compounds  in  which  the  metal  was  completely  consumed. 

The  stability  of  halogen-containing  compounds  toward  metals  according 
to  these  classifications  are  sunmarized  in  Table  XIII.  Data  show  that 
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Table  X 


CORROSIVE  ACTION  AT  REFLUX  T94PERATURE,  UNDER  AQUEOUS  CONDITIONS 

(TIME  -  100  HOURS) 


Can  pound 

Weight  of  Metals,  g. 
Original  Final 

Change  in  Weight 
_ g± _ % _ 

Carbon  Tetrachloride 

Copper 

1.8449 

1.7271 

-0.1178 

7 

Alundnun 

1.2891 

0.0000 

-1.2891 

100 

Iron 

3.4522 

2.4549 

-0.9973 

29 

Carbon  Tetrachloride 
(with  inhibitor) 

Copper 

1.8289 

1.7306 

-0.0983 

5 

Aluminm 

1.2921 

0.0000 

-1.2921 

100 

Iron 

3.2768 

2.1348 

-1.1420 

32 

Bronochloromethane 

Copper 

1.7705 

1.7652 

-0.0053 

nil 

Aluminua 

1.3454 

0.0000 

-1.3454 

LOO 

Iron 

3.4169 

2.8851 

-0.5308 

16 
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Table  XI 


STABILITT  AT  392* P.  (2Q0*C 

Weight  of  Metals,  g. 
Compound  Original _ Pinal 

.)  FOR  30  DATS 

Change  in  Weight 
_ b _ % _  Appearance 

Carbon  Tetrachloride 
(with  inhibitor) 

Copper 

1.8297 

0.0000 

-1.8297 

-too 

Completely  corroded 

Aluminum 

1.1394 

0.0000 

-1.1894 

-100 

Completely  corroded 

Iron 

3.0947 

0.0000 

-3.0947 

-100 

Completely  corroded 

Carbon  Tetrachloride 
(without  inhibitor) 

Copper 

1.7005 

0.0000 

-1.7005 

•100 

Completely  corrodec 

Aluninum 

1.4000 

1.3567 

-0.0433 

-3 

Gray  coating 

Iron 

2.8319 

2.7562 

-0.0757 

-3 

Black  coating 

Dichlorcmethane 

Copper 

1.7005 

0.0000 

-1.7005 

-100 

black,  completely 
corroded 

Aluminum 

1.4190 

1.3393 

-0.0797 

-6 

black  coating 

Iron 

3.1027 

3.0785 

-0.0242 

-8 

black  coating 

Bromochlorcmethane 

Copper 

1.8078 

0.0000 

-1.0078 

-100 

Completely  corroded 

Aluminum 

1.1758 

0.6501 

-0.5257 

-45 

Corroded 

Iron 

2.7196 

2.7351 

*0.0156 

*1 

Red  coating 

Dibromcme  thane 

Copper 

1.7856 

0.0000 

-1.7856 

-100 

Completely  corroded 

Alunimm 

1.1824 

0.7041 

-0.4783 

-40 

Corroded 

Iron 

3.2240 

3.1121 

-0.1119 

-34 

Red  coating 

1,1,2-Trlchlorotri- 

fluoroethane 

Copper 

1.8443 

0.9085 

-0.9358 

-51 

Gray  coating 

Aluminum 

1.1920 

1.1920 

0.0000 

0 

Slight  discoloration 

Iron 

3.0530 

3.0530 

0.0000 

0 

Slight  discoloration 

l-Bromo-2-chloro ethane 

Copper 

1.7457 

0.7730 

-0.9727 

-60 

Black  coating 

Aluminum 

1.4380 

1.3188 

-0.1192 

-8 

Black  coating 

Iron 

1 , 2-Dibromotet rafluoro- 

3.2271 

3.1982 

-0.0289 

-1 

Black  coating 

ethane 

Copper 

1.7443 

1.5442 

-0.2001 

-11 

Gray  coating 

Aluminum 

1.4465 

0.0000 

-1.4465 

0 

Gray,  completely 
corroded 

Iron 

2.9080 

2.9043 

-0.0037 

nil 

Black  coating 

Table  XI  (Continued) 


STABILITY  AT  392*P.  (200*C.)  FDR  3 0  DAYS 

Weight  of  metal* t  g.  Change  in  Weight 
Compound  Original  Final  g.  S  Appearance 

fluoropropane 


Copper 

1,7581 

1.6965 

-0.0616 

-3 

Gray  coating 

Aluminum 

1,2280 

1.2280 

c.ocoo 

0 

No  discoloration 

Iron 

3*1935 

3.1841 

-G.OC94 

nil 

No  discoloration 

2-Brc«o-l,l,l-tri- 

fluoropropane 

Copper 

1.6717 

1.5705 

-0.1012 

Black  coating 

Alien  in  un 

1.397D 

0.0000 

-1.3970 

0 

Completely  corroded 

Iron 

3.2663 

3.2510 

-0.0153 

nil 

Black  coating 

Brass 

3.5531 

3.5198 

-0.0333 

-1 

Perfluoroheptane 

Copper 

1.6055 

1.6055 

0.0000 

0 

No  change 

Aluainum 

1.4428 

1.4601 

♦0.0173 

0 

Slight  tarnish 

Iron 

2.7258 

2.725 8 

0.0000 

0 

No  change 

Brass 

3.8199 

3.8253 

♦0.0054 

nil 

Perfluorcfcthyl  cydo«- 
hexane) 

Copper 

1.6861 

1.6861 

0.0000 

0 

No  change 

Aluminum 

1.049 

1.4327 

♦0.0178 

0 

Slight  tarnish 

Iron 

3.1050 

3.1050 

0.0000 

0 

No  change 

Brass 

4.0718 

4.0772 

♦0.0054 

nil 

Perfluoro( 1 , 3-dimethyl- 
cyclohexane) 

Copper 

1.6838 

1.6854 

+0.0016 

nil 

Slight  tarnish 

Aluminum 

1.3945 

1.4041 

♦0.0096 

Slight  tarnish 

Iron 

2.8250 

2.8256 

♦0.0006 

nil 

Slight  tarnish 

Brass 

4.0095 

4.0112 

♦0.0017 

nil 

Perfluoro ( 1 , 4-dimethyl - 
cyclohexane) 

Copper 

1.7371 

1.7371 

0.0000 

0 

No  change 

Aluminum 

1.3883 

1.4062 

♦0.0179 

Slight  tarnish 

Iron 

3.1313 

3.1318 

♦0.000$ 

nil 

No  change 

Brass 

3.9070 

3.9094 

+0.0024 

nil 

Perfluorcfcethyl- 

cyclohexane) 

Copper 

1.62^9 

1.6209 

0.0000 

0 

No  change 

Alianinum 

1.4-8*  u 

1.5062 

♦0.0234 

Slight  tarnish 

Iron 

2.9908 

2.9908 

0.0000 

0 

No  change 

Brass 

3.8367 

3.8424 

♦0.0057 

nil 

Table  XI  (Continued) 
STABILITY  AT  392T.  (200*C.)  FOR 


Weight  of  Metals,  g. 

Change  : 

CanDound 

Original 

Pinal 

g. 

Perfluoronaphthalane 

Copper 

1.7350 

1.7350 

0,0000 

Aluminum 

1.4029 

0,0000 

-1.4029 

Iron 

2.9379 

2.9379 

o.ococ 

Perfluoroindane 

Copper 

1.6678 

1.6678 

0.0000 

Aluninim 

1.4031 

1*4175 

♦0 ,0144 

Iron 

3.8063 

3.8083 

0.0000 

Methyl  bromide 

Copper 

1.8437 

1.8698 

+0.0261 

Alumimm 

1.2145 

1.2145 

0.0000 

Iron 

2.6064 

2.8130 

+0.0046 

Tri fluorome thane 

Copper 

1.7630 

1.7830 

0.0000 

Alum  intin 

1.2572 

1.2572 

0.0000 

Iron 

3.1043 

3.1043 

0.0000 

Brcmotrifluoromethane 

Copper 

1.8290 

1.8398 

+0.0108 

Aluminum 

1.2101 

1.2110 

+0.0009 

Iron 

3.1116 

3.1170 

♦0.0054 

Chlorotrifluoromethane 

Copper 

1.6625 

1.8625 

O.OOGO 

Alwinum 

1.1830 

1.1830 

0.0000 

Iron 

2.9177 

2.9177 

0.0000 

86, 


0  No  chance 
-100  Black, ccmpletaly 
corroded 
0  No  change 


0  No  discoloration 
♦1  Black  coating 
0  No  discoloration 


♦1  Slight  discoloration 
0  No  discoloration 
nil  Slight  discoloration 


0  No  discoloration 
0  No  discoloration 
0  No  discoloration 


♦1  Slight  discoloration 

nil  No  discoloration 
nil  Slight  discoloration 


0  No  discoloration 
0  No  discoloration 
0  No  discoloration 


Table  HI 
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CORROSIVE  ACTION  AT  200*F.  (93*C.) 


Time  Weight  of  Metals,  g*  Change  in  Weight 


Cgasomd 

bun  Original  * 

Final 

% 

_  Appearance 

Carbon  Tetrachloride 

30 

Copper 

1.8331 

1.7821 

-0.0510 

-3 

Black  coating 

Aluminup 

1.2198 

0.6177 

-0.6021 

-49 

Black  coating 

Iran 

3.3224 

3.2718 

-0.0506 

-2 

Red  coating 

Brasa 

3.9153 

3.9004 

-0.0076 

nil 

Carbon  Tetrachloride 

30 

(with  inhibitor) 

-16 

Copper 

1.8828 

1.5780 

-0.3048 

Black  coating 

Aluminum 

1.1596 

0.0000 

-1.1596 

-100 

Completely  cor¬ 
roded 

Iron 

3.3024 

2.7677 

-0.5347 

-14 

Red  coating 

l-Bromo-2-chloroethane 

30 

Copper 

1.7733 

1.7485 

-0.0248 

-1 

Black  coating 

Aluminum 

1.2397 

0.0000 

-1.2397 

-100 

Completely  cor¬ 
roded 

Iron 

3.2377 

3.2255 

-0.0122 

nil 

Black  coating 

Brasa 

3.9855 

3.9779 

-0.0076 

nil 

Magnesium 

0.9061 

0.9177 

•K).C116 

1 

Dull 

2-Brcmo-l , 1,1-trlfluero- 

propane 

30 

Copper 

1.8174 

1.8174 

0.0000 

0 

No  discoloration 

Aluminum 

1.3880 

1.3380 

0.0000 

0 

No  discoloration 

Iran 

3.6006 

3.6006 

0.0000 

0 

No  discoloration 

Brass 

2.6455 

2.6444 

-0.0011 

nil 

1 , 2-Dibromotetrafluoro- 

30 

cthane 

Copper 

1.8552 

1.8552 

0.0000 

0 

No  discoloration 

Aluminum 

1.1781 

1.1761 

0.0000 

0 

No  discoloration 

Iron 

3.4582 

3.4582 

0.0000 

0 

No  discolomtion 

Brass 

3.8064 

3.8053 

-0.0011 

nil 

1 ,  >-Dibrano-2 , 2-diflucro-  3 2 

propane 

Copper 

Aluminum 

1,1061 

1.1063 

♦0.0002 

nil 

Bright 

Iron 

2.6?56 

2.6859 

-0.0098 

nil 

Corroded 

Brass 

3.7418 

3.7412 

-0.00C6 

nil 

Slight^  dull 

Magnesium 

1.2002 

1.2199 

+0.0197 

2 

Dull,  coatc.  1 

1,2-EiJbdotetrafluoroethane  14 

Copper 

Aluminum 

1.3998 

1.3843 

-0.0155 

1 

Dull,  pitted 

Iron 

2.9675 

2.8793 

-0.0877 

3 

Dull,  pitted 

Brass 

3.7823 

3.7513 

-0.0310 

1 

Magnesium 

1.1434 

1.2344 

+C.C960 

8 

Dull,  pitted 

Table  HI 


CORROSIVE  ACTICN  AT 


Compound 


Time 

Days 


Weight  of  Me 


Ethyl  Bromide 

a 

2.4042 

Copper 

Aluminum 

1.1212 

Iron 

Brass 

3.0040 

Magnesium 

1.1886 

Ethyl  Iodide 

a 

Copper 

2.9471 

Aluminum 

0.7314 

Iron 

Brass 

3.4665 

Magnesium 

1.2098 

Perfluoroheptane 

27 

0.8763 

Perfluoro  (methyl- 

cyclohexane) 

27 

0.8368 

Perfluoro( ethyl- 

cyclohexane) 

27 

0.8763 

Perfluoro ( 1 ,  >*di - 

methylcytlohexane ) 

27 

0.8408 

Perfluoro ( 1 , 4-d  imethyl- 

cyclohexane) 

27 

0.8530 

Perfluoronaphthalane 

27 

0.8883 

1,1, 2-Trichlorot ri- 
fluoroethane 


14  0.9140 
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Table  XIII 

STABILITY  OF  HALOGaN-CONTA INING  COMPOUNDS  TO  METALS 
(Unless  otherwise  indicated,  contact  time  *  30  days) 

COMPOUND  ALUMINUM  BRASS  COPPER  IRON  MAGNESIUM 

392'F  200*F  392°  F  200*F  392CF  200°F  392°F  200 F  392*P  200°F 


C?Fi6 

B 

—  A 

Halocarbons 

A 

A 

- 

- 

A3 

C6FnCF3 

B 

A 

- 

A 

- 

i. 

- 

A3 

CftFiiCF^CFa 

B 

A 

- 

A 

- 

A 

- 

- 

A3 

l,>C6F10(CF3)a 

B 

A 

- 

A 

- 

A 

- 

A3 

1,4-C6F10(CF3)2 

B 

A 

- 

A 

- 

A 

- 

A3 

Cio^is 

D 

- 

- 

A 

m 

A 

- 

- 

A3 

CC1*FCC1F2 

A 

- 

- 

C 

- 

A 

- 

B’ 

CBrF2CBrF2 

D 

A 

A 

r> 

V/ 

A 

A 

A 

- 

- 

CF2ICF2I 

- 

C< 

B1 

- 

- 

- 

B1 

- 

- 

CC14 

B 

c 

B 

D 

B 

B 

B 

* 

CF3CH2CH2Br 

A 

Halohydrocarbons 

B 

B 

m 

CF3CHBrCH3 

D 

8 

A 

C 

A 

B 

A 

- 

CH2Bi*CF2CH2Bi 

- 

A4 

a'* 

- 

- 

B* 

- 

B* 

CH2Br(H2Cl 

C 

D 

A 

c 

B 

C 

B 

- 

B 

CHaBrCl 

C 

- 

- 

D 

- 

B 

- 

- 

- 

CH2Br2 

c 

- 

- 

D 

- 

C 

- 

- 

- 

CH2C12 

B 

- 

- 

D 

- 

B 

- 

- 

- 

CH3CH2Br 

- 

C2 

B2 

- 

- 

- 

C2 

- 

P2 

CH3CH2I 

- 

C2 

B2 

- 

- 

- 

C2 

- 

B2 

1  Contact  time  -  14  days 


2  Contact  time  *  11  to  15  days 

3  Contact  time  B  2?  days 

U  Contact  time  *  32  days 
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the  compounds  are  less  stable  toward  aluminra  than  to  either  brass,  copper, 
iron  or  magnesium.  There  appears  to  be  no  significant  difference  between 
the  stability  of  these  compounds  to  brass  and  to  copper.  The  compounds 
are  most  stable  to  iron* 

As  a  class  of  compounds,  the  fluorocarbons  are  the  most  stable 
of  the  compounds  investigated,  and  the  monohaloalkaras  the  least  stable. 

The  halohydrocarbons  containing  halogen  atoms  on  adjacent  carbon  atoms 
were  less  stable  than  tne  halohydrocarbons  containing  halogen  atoms 
in  the  1-3  position.  This  is  illustrated  by  the  fact  that  2-bromo- 
1,1,1-trifluoropropane  was  less  stable  than  3“brcmo-l ,  1 , 1- 1 r if luoropropane . 
This  type  of  instability  is  to  be  expected,  since  dehalogenation  is  one 
of  the  expected  reactions  between  a  metal  and  a  halohydro carbon.  This 
roacticn  occurs  more  readily  when  the  halogen  atoms  are  on  adjacent  carbon 
atoms  than  when  there  is  a  carbon  atom  between  the  two  carbon  atoms  hold¬ 
ing  the  halogen  atoms. 

The  halogen  compounds  proved  to  be  more  stable  to  the  metals 
at  200“F.  than  at  392®F.  This  was  expected,  since,  in  general,  the  rate 
of  a  reaction  doubles  each  time  the  teofenkure  is  increased  by  10®. 

Carton  tetrachloride  containing  an  inhibitor,  was  more  corrosive  at  392®F 
than  carbon  tetrachloride  containing  no  inhibitor.  Perhaps  the  inhibitor 
decomposed  under  the  conditions  of  the  tests. 

Of  the  liquid  compounds  other  than  fluorocarbons  tested  at  392®C., 
3-brcrao-l ,1,1-tri f luoropropane  was  the  least  corrosive  while  the  carbon 
tetrachloride  containing  an  inhibitor  was  the  most  corrosive. 

Resistivity  Measurements 

A  meterial  useful  in  extinguishing  electrical  fires  should  be 
a  non-conductor-  Accordingly,  apparatus  was  assembled  for  use  in 
resistivity  measurements.  A  Westinghouse  Power  Factor  Cell  (cell  con¬ 
stant  396)  and  a  General  Radio  Megohm  Bridge,  type  544-B,  Serial  No.  8/*2, 
were  available  for  use  in  making  these  measurements.  Results  of  the 
determination  are  summarized  in  Table  XIV.  Resistivity  measurements 
w$re  limited  to  the  fluorocarbons.  The  data  obtained  show  that  the 
fluorocarbons  tested  are,  for  practical  purposes,  non-conductors  and 
hence  would  be  suitable  for  use  in  combating  electrical  fires.  It  is 
believed  that  the  other  compounds  shown  to  be  of  interest  as  fire¬ 
extinguishing  agents  are  equally  effective  as  insulators. 

Attempts  were  made  to  determine  the  resistivity  of  bromotri- 
fluoromethane  following  the  same  procedure  used  lor  the  liquid  fluoro¬ 
carbons.  Values  ranging  from  1  x  101c  to  1  x  10***  were  obtained.  When 
results  were  obtained  which  were  variable  the  project  was  discontinued 
for  lack  of  time.  The  data  obtained  indicate  that  bramotrifluoremethane 
is  a  nor.-conductor  of  electricity. 
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Table  m 

RESIST IV ITT  OF  FLUOROCARBONS 


Cancmrt 

Resistivity,  oha 

Perfluorcfeethyleyclohexane ) 

4  x  10’* 

Perfluorcfethylcyclohexane ) 

1  x  10n 

Per  fluo  roind&ne 

2  x  1014 

Perfluoro-n-heptane 

2  x  ID12 

Per  fluoronaphthalane 


4  x  101 3 
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Products  of  Peccmpositlon 

The  major  part  of  the  study  of  fire  extinguishing  agents  at 
Purdue  University  was  concerned  with  the  determination  of  the  flammable 
limits  of  mixtures  of  air,  n-heptane  and  a  halogen- containing  compound. 

A  plot  of  these  data  on  coordinate  paper  showed  graphically  the  flammable 
area  for  the  three  component  mixtures.  The  peak  in  the  curve  defining 
this  flammable  arha  serves  as  a  measure  of  the  flame  inhibition  character¬ 
istics  of  the  compound  in  question. 

A  knowledge  of  the  behavior  of  compounds  under  conditions 
favoring  decomposition  is  of  interest  in  the  interpretation  of  data  re¬ 
lating  to  the  toxicological  properties  and  corrosive  action.  For  compounds 
with  favorable  flame  inhibition  characteristics,  this  knowledge  is  also 
of  interest  in  the  advancement  of  the  theoretical  understanding  of  flame 
extinction.  Decomposition  in  (a)  a  flame,  (b)  %ot  zone"  and  (c)  electric 
arc  are  of  particular  importance  in  a  project  relating  to  fire  extinguishing 
agents.  Therefore,  in  the  final  phases  of  this  investigation,  attention 
was  directed  to  a  study  of  the  behavior  of  compound a  chosen  because  of 
their  flame  inhibition  characteristics  under  these  conditions. 

Flame  Decomposition  Studies.  The  apparatus  that  was  used  for 
the  determinations  of  flammable  limits  was  not  suitable  for  a  study  of 
the  products  of  combustion  because  the  quantities  of  materials  involved 
were  insufficient  for  a  total  analysis.  Therefore,  a  combustion 
apparatus  was  assembled  as  shown  diagramatieally  in  Figure  41. 

Compressed  air  was  regulated  by  the  needle  valve  1  to  maintain 
a  constant  flow  as  indicated  by  the  calibrated  flowmeter  4.  Propane  was 
released  from  the  cyclinder  by  means  of  the  needle  valve  2  to  maintain 
the  desired  flow  as  shown  by  the  calibrated  flowmeter  5.  The  fire  re¬ 
tarding  agent  was  released  by  the  needle  valve  from  the  cylinder  3  which 
was  of  20  ml,  capacity.  Flowmeter  6  was  used  to  maintain  a  constant 
gas  flow  from  cylinder  3»  however,  the  quantity  of  retarding  agent  used 
was  determined  by  difference  in  weight  of  the  cylinder  before  and  after 
the  experiment.  The  burner  barrel  8  was  the  top  of  an  ordinary  laboratory 
Bunsen  burner,  10.7  cm.  tall,  1.0  cm.  inside  diameter,  and  wall  thickness 
of  0.1  cm.  The  burner  was  held  in  place  by  the  piece  of  quarter  inch 
copper  tube  7.  The  combustion  zone  was  at  the  top  of  the  burner.  The 

mixture  was  ignited  by  means  of  the  spark  coil  14  and  electrodes  7  and  13. 

The  flame  can  be  observed  through  the  small  mica  window  9  and  the  mirrer 
10,  The  large  I'yrex  test  tube  11,  10  cm.  in  diameter  and  18  inches  deep, 
made  an  air  tight  seal  with  the  rubber  stopper  12.  The  chimney  15  was 

made  from  a  piece  of  stainless  steel  tube  14  cm.  long  and  6  cm.  in  diameter. 

The  large  goose-neck  16  was  made  of  nickel  tubing  4  cm.  in  diameter.  Tho 
bonds  in  the  nickel  tubing  and  nickel-stainless  steel  connections  were 
welded.  The  choice  of  the  nickel  tubing  was  arbitrary  and  based  upon 
material  readily  available.  To  aid  in  dismantling  the  apparatus  for 
cleaning,  flanges  17  and  19  were  provided  with  neoprene  gaskets  held  in 
place  by  small  bolts.  The  2-litor,  stainless  steel  beaker  18  containing 
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20  ml.  of  distilled  w»ter  collected  jnpst  of  the  soot  and  a  large  pro¬ 
portion  of  the  combustion  products  soluble  in  water.  The  water  level  in 
1  J  must  not  be  higher  then  the  lower  edge  of  16  in  order  to  avoid  large 
gas  bubbles  which  would  effect  the  flame  at  8.  The  gas  from  18  passed 
by  means  of  the  stainless,  steel  tube  20,  8  mo.  inside  diameter,  into  the 
1-liter,  stainless  steel  beaker  21  containing  600  ml.  of  distilled  water. 

The  lower  and  of  20  at  22  had  small  holes  drilled  in  the  walla  in  order  to 
disperse  the  gas  bubbles  into  a  fine  stream  for  thorough  contact  with  the 
water  and  also  to  maintain  a  constant  ?as  pressure  at  8,  The  g tut  stream 
leaving  21  was  free  of  corrosive  hydrogen  fluoride,  but  a  Pyre*  glass 
scrubbing  tower  23  was  provided  for  taking  out  residual  soluble  products 
that  may  have  gotten  past  18  and  21.  The  cold  finger  traps  24  were  chilled 
with  Dry  ice-trichloroethylene  mixture  for  removal  of  elemental  halogen 
or  other  condensible  products.  Samples  of  gas  were  withdrawn  at  26  for 
analysis  on  a  Burrell  gas  analyser.  The  last  traces  of  soot  settled  out 
in  the  tube  25,  100  by  5.2  cm.  The  gases  then  massed  through  the  West 
Test  meter  27  and  was  vented  to  the  hood  at  28. 

The  propane  and  air  flows  were  adjusted  so  that  the  resulting 
flame  was  luminous  but  not  smokey.  The  halogen  compound  was  added  (as  a 
gas)  to  the  propane  stream  or  to  the  air  stream  through  a  T-tube  so  as 
to  be  premixed  before  burning. 

In  all  runs  the  flow  rates  of  propane  and  air  were  adjusted 
at  0.238  and  7.18  moles  per  hour  respectively.  After  the  mixture  was 
burning  steadily,  the  fire  retarding  agent  was  introduced  slowly  in 
increasing  amounts  until  the  flame  tended  to  go  out.  The  amount  of  the 
fire  retarding  agent  was  then  decreased  slightly  and  the  combustion  was 
allowed  to  bum  for  the  desired  time.  At  the  completion  of  a  run,  the 
apparatus  was  dismantled  and  the  soot  in  15  and  16  was  brushed  loose  for 
weighing.  The  contents  of  the  scrubbers  18,  21,  and  23  and  of  the  cold 
fingers  24  were  filtered  by  suction  and  thoroughly  rinsed  with  distilled 
water.  The  soot  was  dried  at  U0*C.  and  weighed.  The  filtrate  was  diluted 
to  2000  ml.  from  which  aliquots  were  taken  for  chemical  analysis. 

Analysis  data  for  the  combustion  products  of  several  halogen 
compounds  are  summarized  in  Table  XV. 

Analytical  Procedures.  -  Aliquots  of  the  scrubbing  solutions 
were  taken  for  analysis  at  the  completion  of  each  run.  Chloride  and/or 
bromide  ion  was  determined  gravimetrically  by  precipitation  with  silver 
nitrate  19*  Fluoride  ion  was  determined  gravimetrically  by  precipi¬ 
tation  as  calcium  fluoride  29, 

A  Burrell  De  Luxe  Build-Up  Model  J  gas  analyser  was  used  for  the 
analysis  of  the  gaseous  mixture  coming  from  the  water  scrubbers  5.  Carbon 
dioxide  was  absorbed  in  JO  per  cent  aqueous  potassium  hydroxide.  Illusinants 
or  unsaturated  organic  compounds  were  absorbed  in  30  per  cent  oleun. 

Oxygen  was  determined  by  absorption  in  alkaline  sodium  hydrosulfite.  Hy¬ 
drogen  was  determined  by  oxidation  to  water.  Carbon  monoxide  was  deter¬ 
mined  by  oxidation  to  carbon  dioxide  followed  by  absorption  of  the  carbon 
dioxide  in  a  30  per  cent  potasaiun  hydroxide  solution.  Total  paraffins  or 
saturated  hydrocarbons  were  analysed  by  catalytically  oxidizing  to  water 
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and  carbon  dioxide.  Nitrogen  was  determined  by  difference. 

Samples  of  gas  were  collected  for  analysis  with  respect  to 
organic  constituents  according  to  the  procedure  which  follows: 

A  quantity  of  gas,  38  to  76  liters,  was  scrubbed  with  30  per  cent 
potassium  hydroxide  and  then  with  aqueous  sod  inn  hydrosulfite  to  remove 
carbon  dioxide  and  oxygen,  respectively*  Carbon  dioxide  was  removed  to 
facilitate  later  rectification,  and  oxygen  was  removed  to  avoid  a  possible 
explosion  hazard.  The  gas  was  passed  from  the  scrubbers  through  a  trap 
cooled  with  liquid  nitrogen  which  condensed  all  of  the  organic  components 
along  with  some  residual  oxygen  and  a  little  nitrogen.  This  mixture  was 
then  rectified  on  the  Podbielniak  Hyd-Robot  low  temperature  fractionating 
colisnn.  In  all  cases,  there  was  a  large  forerun  of  non- condensable 
material  consisting  of  oxygen  and  nitrogen*  The  quantities  of  the  various 
components  present  were  calculated  from  the  resulting  rectification  curves. 

The  results  of  these  rectifications  may  be  summarized  as  follows: 

Run  No.  12,  -  It  was  found  that  approximately  IS  of  carbon 
tetrafluoride  was  destroyed  when  it  was  premixed  with  prepare  and  then 
burned  in  air.  This  value  was  obtained  by  analysis  of  the  fluoride  ion 
present  in  the  hydrolysis  solution.  The  object  of  this  experiment  was 
to  see  how  much  of  the  carbon  tetrafluoride  could  be  recovered  from  the 
combustion  products  by  rectification.  Propane  and  carbon  tetrafluoride 
Man  first  premixed  before  burning  in  air.  Flow  rates  of  propane,  carbon 
tetrafluoride,  and  air  were  0*238,  0.244,  and  7*18  moles  per  hour, 
respectively.  After  burning  and  stripping  off  the  non-condensable  material 
carbon  tetrafluoride  was  present  to  the  extent  of  0*072  mole  per  76  liters 
of  gas.  This  corresponds  to  63  per  cent  of  the  carbon  tetrafluoride 
originally  Introduced. 

Run  Nos.  17  and  18.  -  Nineteen  liters  of  gas  collected  from  each 
run  were  cembined  for  the  rectification.  A  trace  of  ethane,  b.p.  range 
-87  to  -88* C.  was  indicated.  No  trace  of  dibrooodifluoromethane  was 
found,  thus  indicating  that  it  was  completely  decomposed. 

Run  No.  19  -  For  this  experiment,  76  liters  of  gas  wem  collected 
and  three  fractions  were  isolated.  Methane,  b.p.  -166*C.,  was  present 
to  the  extent  of  0.0031  mole  per  76  liters  of  gas  and  ethane,  b.p.  -86  to 
-87*C.  was  present  to  the  extent  of  0.0047  per  76  liters  of  gas.  The 
third  fraction,  b.p.  -1369C«,  is  of  unknown  composition,  and  was  present 
to  thfc  extent  of  0,0015  mole  per  76  liters  of  gas. 

Run  No.  20  -  Only  carbon  tetrafluoride  was  present  to  the 
extent  of  0.184  mole  per  76  liters  of  gas.  This  corresponds  to  56  per 
cent  of  the  carbon  tetrafluoride  originally  introduced. 

Discussion  of  Results.  -  Table  XV  presents  a  summary  of  the 
results  of  analysis  of  the  products  of  combustion.  In  all  cases,  con¬ 
siderable  soot  formation  occurred  except  for  carbon  tetrafluoride  and 
sulfur  hexafluoride  where  only  trace  amounts  were  noted.  The  amount  of 
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soot  obtained  was  always  a  little  less  than  the  amount  of  earbon  present 
in  the  halogen  compound  introduced.  This  suggests  that  soot  formation 
arises  from  the  halogen  compound  and  not  from  the  propane,  a  point  which 
could  be  checked  by  burning  a  halogen  compound  containing  labeled  carbon. 
The  analysis  for  total  halide  ion  gives  the  degree  to  which  the  halogen 
compound  is  decomposed.  Due  to  the  hydrolytic  action  of  the  water 
scrubbers,  only  total  halide  ions  were  determined.  Possible  halogen  com¬ 
pounds  such  as  carbonyl  halides  or  easily  hydrolysed  organic  halides  were 
not  determined  qualitatively  or  quantitatively  since  their  structure  would 
be  destroyed  by  passing  through  water.  From  the  results  of  Table  XV 
it  is  apparent  that  all  of  the  halogen  compounds  except  carbon  tetra- 
fluoride  tested  are  largely  decomposed.  The  percentage  decomposition  of 
the  halogen  compound  when  premixed  with  the  propane  stream  can  be  deter¬ 
mined  by  dividing  the  caloulated  total  halogen  introduced  into  the  tdal 
halide  ion  found  by  analysis  of  the  combustion  products.  In  Table  XVI 
flanmability  peaks  and  per  cent  decomposition  are  tabulated  for  the 
halogen  canpounds  tested  when  premixed  with  the  propane  stream.  Halogen 
compounds  having  low  values  for  the  flammability  peaks  have  high  values 
of  par  cent  decomposition  with  the  exception  of  dibranodifluorom ethane. 

Halogen  compounds  containing  bromine  or  chlorine  in  addition 
to  fluorine  were  largely  destroyed  and  since  those  compounds  having 
strong  fire  retarding  characteristics  contain  bromine  and/or  chlorine 
in  addition  to  fluorine,  it  can  be  expected  that  they  will  be  largely 
destroyed  in  a  flame.  Dlbrcmodifluorooethane  appears  to  be  an  exception 
to  that  observation  since  it  has  a  flanmability  peak  of  4.2  but  is  de¬ 
composed  to  the  extent  of  69  per  cent  (%)  as  determined  by  the  quantity 
of  halide  ion  formed. 

In  the  case  of  sulfur  hexafluorldt,  no  total  sulfur  balance 
was  obtained  but  free  sulfur,  sulfur  dioxide,  and  hydrogen  3ulfide  were 
identified.  The  concentration  of  hydrogen  sulfide  in  the  gas  stream  was 
of  the  order  of  5  x  10”*  grams  per  liter. 

There  appears  to  be  very  little  difference  in  the  results 
obtained  by  introducing  the  halogen  compound  with  either  the  air  or  the 
propane. 


Examination  of  the  results  of  the  gas  analysis  in  Table  XV 
shews  that  the  introduction  of  the  halogen  compound  to  the  propane-air 
mixture  is  accompanied  by  a  decrease  in  the  completeness  of  combustion 
as  evidenced  by  increases  in  the  amounts  of  illuminants,  hydrogen  and 
carbon  monoxide  produced.  Two  exceptions  are  noted.  Carbon  tetrafluorlde 
and  octafluoropropane  seem  to  enhance  the  degree  of  combustion  as  noted 
by  the  large  increase  of  carbon  dioxide  produced. 

Pyrolysis  Studies  -  Three  types  of  experiments  were  conducted 
in  this  category}  namely,  heating  the  halogen  compound,  in  the  presence 
of  and  in  the  absence  of  air,  at  800* C.  in  an  iron  pipe  heated  to  800*C. 
and  heating  the  halogen  compound  in  a  platinum  tube  at  800*C.  in  the 
absence  of  air.  Details  of  these  experiments  are  as  follows: 
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relation  of  flammability  peak  to  per  cm 
decomposition  of  halogen  ocmkxjnds 


H aloe on  Compound 

Flammability  Peak 

Decomposition,  i 

CBraFa 

4.2 

69 

CBrF3 

6.1 

100 

CH.Br 

9.7 

114 

CC1F-, 

12.3 

87 

CHClFa 

17.9 

93 

c3f« 

- 

ao 

sf6 

20.5 

73 

CF„ 

26 

4 

1 
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Pyrolysis  Studies  in  the  Presence  of  Air.  An  iron  pipe,  20  inches 
long  and  five-eights  Inen  inside  hiametcr,  was  loosely  pecked  with  about 
10  grams  of  coarse  steel  wool,  A  12-inch,  electrically  heated  tube 
furnace  was  used  for  boating  the  iron  pipe  at  800*  ♦  10*C.  The  tem¬ 
perature  was  measured  by  a  thermocouple  placed  near  the  center  of  the 
tube  and  on  the  outside  bet-een  the  tube  wall  and  the  heating  elements. 

Air  and  the  halogen  compound  were  premixed  before  passing  through 
the  hot  sone.  In  the  case  of  liquid  halogen  compounds,  boiling  near 
room  temperature  and  over,  premixing  was  done  by  passing  a  measured 
amount  of  air  through  the  compound  in  a  test  tube.  The  loss  of  weight 
of  the  test  tube  gave  the  amount  of  halogen  compound  used.  Gaseoua 
compounds  were  measured  by  means  of  calibrated  flowmeters.  The  pro¬ 
ducts  from  the  hot  tube  were  passd  directly  into  a  receiver  cooled  by 
liquid  nitrogen.  All  of  the  organic  components  were  condensed  along  with 
seme  air.  At  the  completion  of  a  run,  the  entire  contents  of  the 
cold  trap  were  rectified  on  a  Podbiolniak  Hyd-Robot  low  temperature 
fractionating  column. 

Air  and  the  halogen  compound  were  protected  from  moisture  but 
no  special  precautions  were  taken  to  dry  the  gases  before  pyrolysis. 

It  was  assunod  that  ordinary  compressed  air  and  commercial  halogen  com¬ 
pounds  were  sufficiently  dry  for  all  practical  purposes. 

The  halogen  compounds  chosen  for  the  pyrolysis  studies  con¬ 
tained  no  hydrogen  in t&afc* structure.  The  reason  for  ‘.hi?  choice  was 
based  upon  the  fact  that  there  would  be  no  hydrogen  h;  lide,  expocially 
hydrogen  fluoride,  formed  as  a  result  of  the  pyrolysis.  Hence,  the 
gaseous  pyrolytic  products  could  be  rectified  directly  without  any 
danger  of  corroding  glass  apparatus. 

The  pyrolysis  products  were  analysed  for  the  organic  components 
present  in  the  ga3  stream,  carbonyl  halides,  and  carbon  dioxide  and 
oj^gen.  The  organic  components  present  wore  analysed  by  condensing  all 
of  the  pyrolytic  products  in  a  trap  cooled  with  liquid  nitrogen  and  then 
rectifying  the  contents  of  the  cold  trap  as  already  mentioned  above.  From 
a  comparison  of  known  boiling  points  and  gas  densities,  the  identity  of 
the  unknown  fractions  could  be  determined  in  most  cases.  The  quantity 
of  each  fraction  present  was  calculated  from  the  rectification  chart 
which  is  automatically  plotted  by  the  Podfcielniak  instrument. 

The  following  procedure  was  uaed  for  the  quantitative  deter¬ 
mination  of  carbonyl  halides:  Air  and  the  halop-j»  compound  were  passed 
into  the  hot  zone  as  already  described.  Gaseous  products  were  led 
through  a  dry  Pyrcx  Wool  filter  to  remove  iron  compounds  suspended  in 
the  gas  stream  and  then  into  an  absorption  train  similar  to  ihv-  one 
described  by  Yant  and  coworkt.-rs.33  The  train  consisted  of  a  layer  of 
calcium  chloride  for  drying  the  gas,  a  layer  of  amalgamated  tin  for  removal 
of  elemental  halogen,  and  a  layer  cf  mossy  sine  tVr  removal  of  hydrogen 
halides.  The  gas  than  entered  the  carbonyl  halide  absorption  bulbs 
containing  water  saturated  with  aniline  and  syo-diphenylurea.  A  Wet  Test 
rr.etvr  following  the  absorption  bulbs  recorded  the  liters  of  gas  passed 
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through.  Carbonyl  halides  wer c  converted  to  s-ym-diph enylurea  by  reaction 
with  the  aniline.  The  sym-diphenylurea  was  filtered  on  tared  Gooch 
crucibleswas  dried  at  70"C.  and. weighed.  The  sym-diphenylurea  was  then 
dissolved  out  with  5  milliliters  of  warm,  absolute  ethanol  into  a  tared 
weighing  bottle.  The  alcohol  was  evaporated  at  room  temperature  and  the 
residue  was  dried  at  70"C.  and  weighed  as  sym-diph enylurea.  The  Gooch 
crucible  was  also  dried  at  70"C.  and  reweighed.  Tho  loss  in  weight  was 
used  as  a  check  for  the  analysis.  Melting  points  and  qualitative  chenfcal 
analysis  of  the  sym-diphenylurea  were  made  to  check  the  purity  of  the  pro¬ 
duct.  In  all  cases,  only  traces  of  halogen  were  detected  in  the  sym- 
diphenylurea  and  the  molting  point  found  varied  from  224  to  239CC.  The 
literature  value  for  sym-diphenylurea  is  238-239®C*  The  amount  of 
carbonyl  halides  was  calculated  from  the  weight  of  sym-diphenylurea  as 
parts  per  million  on  a  gas  volume  basis  at  temperatures  and  pressures  of 
experimental  conditions.  No  attempt  was  made  to  identify  the  exact 
formula  of  the  carbonyl  halide  that  was  formed.  Depending  upon  the  halogen 
compound  undergoing  decomposition,  there  is  a  possibility  of  various 
carbonyl  halides  being  produced  and  the  values  reported  hers  represent 
the  summation  of  all. 

In  addition  to  the  determinations  of  organic  components  and 
carbonyl  halides,  an  analysis  was  made  on  some  of  the  products  using 
for  carbon  dioxide  and  oxygen  a  Burrell  Gas  Analysis  Apparatus  of  the 
Orsat  type.  The  values  found  are  reported  in  Table  XVII,  along  with 
other  data  for  these  experiments. 

Rectification  analyses  for  several  of  the  products  arc  as 

follows: 


Pyrolysis  No.  3  -  Carbon  tetrafluoride  was  the  only  organic 
compound  present. 

Pyrolysis  No.  4  -  Dichlorodifluoromethane  was  recovered  to  the 
extent  of  43»1  per  cent.  A  second  fraction  boiled  at  -82.0"C.  and 
had  a  moledular  weight  of  104  as  determined  by  a  gas  density  deter¬ 
mination.  The  compound  is  chlorotrifluoromothane  and  was  present 
to  the  extent  of  19.3  per  cebt  of  the  dichlorodifluoromethanc 
originally  introduced.  A  third  compound  boiled  at  -125* C.  and  was 
present  in  a  tpace  amount  only.  The  latter  compound  is  probably 
carbon  tetrafluoride.  .  In  addition  to  these  compounds,  a  few  grams 
of  an  organic  solid  was  found  at  the  exit  end  of  the  iron  pipe.  The 
solid  was  purified  by  sublimation  and  its  melting  point  and 
qualitative  chemical  analysis  were  determined.  The  compound  melted 
in  the  range  181-189°C.  in  a  sealed  tube  and  contains  chlorine  but 
no  fluorine.  The  compound  was  established  to  be  hexachloroethane. 

Pyrolysis  No.  5  -  The  pyrolysis  of  0.274  mole  of  dibromo- 
difluoromethane  and  0.174  mole  of  air  through  an  iron  pipe  at  800" C. 
resulted  in  the  formation  of  a  compound  having  a  boiling  point  of 
-57®C.  and  a  molecular  weight  of  149  as  determined  from  tho  gas 
density.  Tho  structure  of  this  compound  was  not  established.  The 
pyrolysis  was  also  accompanied  by  the  liberation  of  elemental  bromine 
which  was  converted  to  an  equivalent  amount  of  iodine  and  then 
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Analytical  Data  of  Pyrolysis  of  Halogen  Compounds  and  Air  over 

Iron  at  POOC. 
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titrated  with  a  standard  sodium  thiosulfate  solution.  By  calculation, 
it  was  found  that  a  total  of  0,733  g.  of  elemental  bromine  was 
formed.  No  dibromodifluoromethane  was  recovered. 

Pyrolysis  No,  6  -Hie  pyrolysis  of  0,121  mole  of  octafluoro- 
propane  end  0.347  mole  of  air  through  an  iron  pipe  at  800®C.  resulted 
in  the  recovery  of  67.0  per  cent  of  the  octafluoropropone  introduced. 

Trace  amounts  of  compounds  boiling  at  -86®C.  and  -79*C,  were  also 
present  but  not  identified. 

Pyrolysis  Studies  in  the  Absence  of  sir  -  The  same  apparatus 
was  used  for  these  experiments  that  was  described  for  pyrolysis  experi¬ 
ments  in  the  absence  of  air.  The  amount  of  halogen  compound  used  was 
determined  by  the  difference  in  weight  of  a  small  steel  cylinder  before 
and  after  the  experiment ,  Hie  pyrolysis  products  from  the  hot  tone  were 
condensed  in  a  trap  cooled  by  liquid  nitrogen.  Generally  only  one  pass 
was  mede  through  the  hot  zone.  The  product  in  the  trap  cooled  with 
liquid  nitrogen  wes  analysed  for  breakdown  products  by  fractional  dis¬ 
tillation  on  the  Hyd-Robot  Low  Temperature  column. 

Dichlorodifluoromethane  -  The  pyrolysis  of  0.307  mole  of  dichloro- 
difiuoromethano  through  the  Iron  pipe  resultod  in  the  formation  of 
four  breakdown  products.  Carbon  tetrefluoride  b.p.  -130° C,,  was  present 
to  the  extent,  of  0.004  mole.  Chlorotrifluoromethane  b.p.  -82°C«, 
was  present  to  the  extent  of  0.121  mole.  The  recovery  of  dichlorodi¬ 
fluoromethane  was  0.004  mole.  A  fraction  boiling  at  -95°C,  was  present 
to  the  extent  of  0.004  g.  mole  and  material  boiling  above  -18“C.  was 
present  to  the  extent  of  0,003  mole.  These  materials  were  not  identified. 

The  pyrolysis  of  dichlorodifluoromethane  (0.164  mole)  through 
a  platinum  tube  at  800°C.  resulted  in  the  recovery  of  0.119  mole  of 
dichlorodifluoromethane.  No  other  products  were  detected. 

Octafluoropropone  -  The  pyrolysis  of  0.100  mole  of  octafluoro- 
propene  through  the  iron  pipe  at  800°C.  resulted  in  the  formation 
of  0.004  mole  of  unidentified  material  boiling  at  -80CC.  The 
recovery  of  octafluoropropane  was  0.082  mole. 

The  pyrolysis  of  0.183  mole  of  octafluoropropone  through  a 
platinum  tube  ct  800°C,  resulted  in  the  recovery  of  0,164  mole 
of  octafluoropropone.  No  other  products  wero  detected 

Chlorotrifluoromethane  -  The  pyrolysis  of  0,363  mole  of  chloro- 
trifluoromethane  through  a  platinum  tube  at  800® C.  resulted  in  the 
recovery  of  0.320  mole  of  chlorotrifluoromethane*  No  other  products 
wero  detected. 

Bromotrifluoromethane.  -  Broraotrifluoromethane  (0.171  mole)  was 
passed  through  the  platinum  tube  at  800°C,  six  timec  by  distilling 
the  product  back  and  forth.  Upon  analysis  of  the  final  product, 
the  recovery  of  bromotrifluoromethuno  was  0,114  mole.  Elemental 
bromine  was  present  to  the  extent  of  0.003  mole,  «n  unidentified 
material  boiling  at  -91^0.  was  present  to  the  extent  of  0,007  mole. 
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Carbon  Tetrafluoride  -  The  pyrolysis  cf  carbon  tetrafluoride 
(0.100  mole)  through  a  platinise  tube  at  800*C.  resulted  in  the 
•  recovery  of  0.135  mole  of  carbon  tetrafluoride.  No  other  products 
were  detected.  It  can  be  concluded  from  this  series  of  experiments 
that  decomposition  of  the  halogen  compounds  is  less  extensive  in 
the  absence  of  air  than  in  the  presence  of  air.  Also,  more  ex¬ 
tensive  decomposition  is  obtained  in  the  iron  tube. 

Behavior  of  Halogen  Compounds  in  an  Elactric  Arc.  -  The  object 
of  this  research  was  to  determine  the  breakdown  products  formed  by  the 
fire  extinguishing  agent  when  subjected  to  an  electric  arc.  To  accomplish 
this,  the  following  apparatus  was  constructed:  A  piece  of  Pyrex  tubing, 

24  nm.  in  diameter  and  26  cm.  long,  was  constricted  in  the  middle 
to  an  inside  diameter  of  1  on.  Platinum  electrodes  were  sealed  into  the 
tube  wall  in  such  a  manner  that  the  gap  between  the  electrodes  was 
directly  across  the  constricted  part.  A  separate  cold  trap  was  connected 
to  each  end  of  the  Pyrex  tube  by  means  of  ground  glass  ball  joints  to 
make  an  air  tight  seal.  The  system  was  also  connected  to  a  mercury 
manometer,  one  end  of  which  was  open  to  the  atmosphere  so  that  the 
internal  pressure  during  the  arcing  process  could  be  measured  at  all 
times.  The  spark  source  was  a  Hodel-T  Ford  spark  coil  having  eight  volts 
D.C.  on  the  primary.  For  the  experiments  described  herein,  tl<*  electrode 
gap  was  0.4  to  0.5  cm. 

A  quantity  of  the  fire  extinguishing  agent  was  distilled  into 
the  system  and  condensed  into  one  of  the  cold  traps  fooled  with  liquid 
nitrogen.  Liquid  nitrogen  was  chosen  as  a  cooling  medium  to  make  certain 
that  no  possible  decomposition  products  would  escape  from  the  system. 

By  distilling  the  compound  back  and  forth  from  cold  trap  to  cold  trap, 
the  vapors  were  forced  through  the  arc.  After  arcing,  the  contents  of 
the  system  were  analysed  by  rectification  on  the  PodbieJLniak  Hyd-Robot 
low  temperature  fractionating  column. 

Octafluoropropane  -  Octafluoropropane  was  subjected  to  five 
passes  through  the  arc.  Etciing  of  the  Pyrex  tube  was  noticed.  On 
rectification,  the  bulk  of  the  material  was  found  to  be  octa fluoropropanc, 
A  trace  of  material  boiling  at  -81fC.  was  also  found. 

Methyl  Bromide.  -  Methyl  bromide  was  subjected  to  a  single  pass. 
Some  soot  formation  was  noticed  on  the  surface  of  the  electrodes.  No 
elemental  bromine  was  found.  On  rectification  the  bulk  of  material 
was  found  to  be  methyl  bromide.  A  trace  of  material  boiling  at  -74*C. 
was  also  found. 

Dibrcmodifluoromethane.  -  Dibromodifluoromethane  was  subjected 
to  five  passes.  A  small  quantity  of  elemental  bromine  was  liberated  as 
a  result  of  the  arcing.  On  rectification,  the  bulk  of  ths material  was 
dibromodifluoromethane.  A  trace  of  material  boiling  at  -7Q“C.  and  a 
trace  boiling  at  ~55',C.  were  also  found. 
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Carbon  Tetrafluoride.  -  Carbon  tetrafluoride  was  subjected 
to  seven  passes.  Gj,  rectification,  only  carbon  tetrafluoride  was  found. 

Branotrifluoromethane*  -  Brorootrifluorooethane  was  subjected 
to  seven  passes.  A  small  quantity  of  elemental  bromine  was  foned  as 
a  result  of  the  arcing.  On  rectification,  the  built  of  material  wat> 
branotrifluoromethane.  A  trace  of  material  boiling  at  -1C9*C.  was  also 
found. 


Toxicity 

No  attempt  has  been  made  at  Purdue  to  determine  the  toxicity 
of  the  substances  under  investigation. 

The  Freons  have  been  studied  extensively  and,  in  general,  they 
are  considered  to  be  non-toxic.  Fluorofonn  (Freon  23)  lias  been  3hown 
to  produce  no  ill  effect  upon  a  guinea  pig  whoa  the  test  animal  was 
subjected  to  an  atmosphere  comprising  805?  trifluoromethane  and  205?  oxygen*. 

As  a  part  of  a  cooperative  research  program  at  Purdue  University 
a  number  of  fluorine-ccntdning  compounds  have  been  made  avilable  for 
evaluation  as  anesthetics.  Many  of  the  compounds  tested  have  been  shown 
to  possess  desirable  anesthetic  properties.*'4'  Among  timse  compounds  are 
2-brcmo-and  3'-brcmo-l,l,l-trifluoropropane, 

The  literature  contains  information  concerning  the  life  hazards 
of  several  materials  of  interest  as  fire-extinguishing  fluids.  This  in¬ 
formation  may  be  summarized  as  follows: 


Compound 

Classification 

Reference 

CH3Br 

2 

30 

ecu 

3 

30 

ChCl3 

3 

30 

CH2BrCl 

3 

31 

CH3CH2Br 

4 

30 

C0a 

5 

30 

CC13F 

5 

30 

CC12  f2 

6 

30 

ccif2ccif2 

6 

30 

The  classifications  have  been  defined  in  the  following  manner: 

■•Group  1— Gases  or  vapors  which  in  concentrations  of  the  order 
of  1/2  to  1  per  cent  for  durations  of  exposure  of  the  order  of 
5  min.  aro  lethal  or  produce  serious  injury:  sulphur  dioxide. 

"Group  2 — Gase3  or  vapors  which  in  concentrations  of  the 
order  of  1/2  to  1  per  cent  for  durations  of  exposure  of  the  order 
of  1/2  hr.  are  lethal  or  produce  serious  injury:  ammonia  and  methyl 
bromide. 
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"Group  3 — Gases  or  vapors  which  in  concentrations  of  the 
order  of  2  to  2-1/2  per  cent  for  durations  of  exposure  of  the 
order  of  1  hr.  are  lethal  or  produce  serious  injury:  methyl 
formate,  chloroform,  and  carbon  tetrachloride. 

"Group  4 — Gases  or  vapors  which  in  concentrations  of  the  order 
of  2  to  2-1/2  per  ceht  for  durations  of  exposure  of  the  order  of 
2  hr,  are  lethal  or  produce  serious  injury:  dichlorethylene,  methji 
chloride,  and  ethyl  bromide. 

"Group  5 — This  group  includes  gases  or  vapors  much  less 
toxic  than  Group  4  and  (a)  more  toxic  than  Group  6:  monofluoro- 
trichloromethane  ("P-11")  and  carbon  dioxide— and  (b)  those 
which  available  data  indicate  classifly  as  either  Group  5  (a) 
or  Group  6:  butane,  ethane,  and  propane* 

"Group  6~Gases  or  vapors  which  in  concentrations  up  to  at 
least  about  20  per  cent  by  volvme  for  durations  of  exposure  of 
the  order  of  2  hr.  do  not  appear  to  produce  injury:  dichloro- 
difluorome thane  ("Freon")  and  dichlorotetrafluoroethane  ("F-114").M 

Struck  and  Plattner27  have  reported  that  perfluorobutane  is 
without  anesthetic  activity  and  that  it  is  toxic  in  concentrations 
greater  than  25J.  No  ill  effects  were  observed  in  concentrations  of 
about  558.  Perfluorocyclopentane  was  found  to  be  more  toxic  than 
perfluorobutane . 

A  study  of  the  toxicological  properties  of  several  of  the 
compounds  possessing  the  more  favorable  flame  inhibition  properties  has 
been  initiated  at  the  Toxicology  Branch  of  the  Army  Chemical  Center. 

A  formal  report  covering  toxicity  studies  has  not  been  issued. 


Physical  Properties 

A  library  research  project  was  initiated  to  determine  whether 
or  not  a  correlation  exists  between  the  flame  inhibition  p roperties  of 
a  compound  and  its  physical  characteristics.  An  attempt  was  made  to 
find  all  of  the  physical  characteristics  reported  for  several  gases. 
Materials  chosen  for  this  library  study  may  be  grouped  into  three 
classifications,  namely,  inert  gases,  flammable  gases  and  gases  supporting 
combustion.  Representative  materials  in  each  of  these  groups  are  as 
follows: 


argon 

helium 

nitrogen 

neon 


Inert  Gases 


krypton 

xenon 

carbon  dioxide 
methyl  bromide 


chlorot r i fluoromethane 
dichlorodifluoromethane 
trifluoromethane 
carbon  tetrafluoride 


r 


Flammable  Gases 


me. 


methane 

ethane 

acetylene 

Gases  Supporting  C animation 

oxygen 

chlorine 

fluorine 

The  appendix  oi'  this  report  contains  tables  showing  data  obtained  in 
this  search.  Numerous  attempts  have  been  made  to  correlate  the  physical 
data  reported  in  the  Appendix(Tables  1  to  147  inclusive)  with 
flame  inhibition  properties  as  indicated  from  the  peak  in  the  flaianability 
curves.  However,  no  correlation  is  apparent.  Some  of  the  relationships 
considered  which  were  more  promising  than  others  are  shown  in  Figures 
50  to  55  inclusive.  These  figures  show  the  relationship  of  vapor  density 
and  dielectric  constants  to  flammability  peaks. 

It  is  our  conclusion  as  a  result  of  this  library  search  that 
there  are  insufficient  physical  data  reported  for  any  given  series  of 
compounds  to  make  a  correlation  feasible. 

Test  Materials 


During  the  courss  of  this  research  it  has  been  the  policy  to  use  com¬ 
pounds  of  high  purity.  Whenever  possible  materials  available  from  c  crane  rCial 
supply  houses  have  been  used.  Other  materials  were  synthesized  in  the 
laboratories  at  Purdue  following  procedures  -dtich  seemed  most  expedient. 

The  following  paragraphs  summarize  the  source  of  the  test  compounds 
used  on  the  project.  Details  are  omitted  from  procedures  described  in 
the  literdure. 


Freons  -  The  following  Freons  were  obtained  from  Kinetic  Chemicals, 
Inc.  and  were  used  without  further  purification* 


Dichlorodifluoromethane  (Freon  12),  b.p., 

Chlorotrifluoromethane  (Freon  13),  b.p, , 

Chlorodifluorcmethane  (Freon  22),  b.p., 

Trifluorcmethane  (Freon  23),  b.p,, 

1.1.2- Trichlorotrifluoroethane  (Freon  113) b.p., 

1.2- Dichiorotetrafluoroethane  (Freon  114)  b.p., 

Tetrafluoroethylene  (Freon  1] 14)  b.p.. 


-30*C. 
-82*C. 
-40°  C. 
-82.2®C. 
46.5#C. 
3.6eC. 
-76.3*C, 


Carbon  tetrafluoride  (b.p.  -128*C.)  was  prepared  by  the  vapor- 
phase  fluorination  of  carbon  tetrachloride  with  silver  difluoride.  Before 
using,  the  carbon  tetrafluoride  was  purified  by  rectification  on  a 
Podbielniak  Heli-Grid  low  temperature  column.  In  addition,  carbon 
tetrafluoride  was  obtained  from  the  New  Products  Division,  Minnesota 
Mining  and  Manufacturing  Co.,  St.  Paul,  Minnesota. 
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Figure  5C  Relationship  between  Dielectric 
constant  end  Flammability  Peak 
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Figure  65  Relationship  between  Vapor  Density 
end  Flajufflabillty  Peak 


Carbon  tetrachloride  (Fire  Extinguishing  Grade)  was  made 
available  through  the  courtesy  of  the  Purdue  Physical  Plant» 

Bromotrifluorcg ethane  (b.p.  -60*C.)  was  prepared  by  the 
thermal  Lronination  of  trifluoromethane  (Freon  23) 3.  The  reaction 
was  earned  out  at  o00*C.  in  a  glass  tube  packed  with  glass  beads. 

1.  CHF3  ♦  Br*  >»i »>♦>>«»>»»  CBrF3  ♦  HBr 
Also  a  part  of  the  bromotrifluoromethane  was  supplied  by  the  Army  Engineers* 

Trifluoroiodomethane.  (b.p.  -22.5*C.)  was  pre^red  from 
carbon  tetraiodide  and  iodine  pentafluoride,  following  a  procedure  des¬ 
cribed  by  Emeleus  and  coworkers6.  Reactions  involved  in  this  synthesis 
are  illustrated  by  equations  2,  3,  and  4* 

2.  CCI4  +  CH3I  CI4  ♦  CH3CI 

3.  I2  +  Fj  -►  IFj 

4.  CI4  ♦  IF5  ■+  CF3I  +  I2 

The  procedure  used  in  the  preparation  of  carbon  tetraiodide 
was  adapted  from  the  one  described  by  Soroos  and  Hinkamp26.  The  techniques 
involved  are  illustrated  by  the  following  examples  Two  hundred  and 
sixteen  grams  (1.4  moles)  of  carbon  tetrachloride  and  936  g.  (6*6  moles) 
of  methyl  iodide  were  mixed  in  a  2-liter,  3-necked  flask  equipped  with 
a  motor  driven  stirrer,  a  brine-cooled  condenser,  and  a  nitrogen  inlet. 
Before  mixing,  the  carbon  tetrachloride  and  the  methyl  iodide  were  dried 
by  distilling  from  anhydrous  alvminum  chloride.  Aluminum  chloride  v0,03 
mole,  4.  g.)  was  added  to  the  solution  and  the  flask  flushed  with  dry 
nitrogen  for  1C  minutes.  The  mlxtue  was  heated  rapidly  to  42° C.  (about 
10  minutes),  and  the  temperature  maintained  at  42°C.  until  only  a  small 
amount  of  methyl  iodide  remained  in  the  flask  (approximately  60  minutes). 
Then  400  ml.  of  20%  3odium  bisulfite  was  added  to  the  reaction  mixture 
in  the  flask.  The  mixture  was  filtered  and  the  residue  washed  with 
copious  amounts  of  sodium  bisulfite  solution.  The  carbon  tetraiodide 
was  placed  in  a  crystallizing  dish  and  washed  with  distilled  water.  The 
wet  carbon  tetraiodide  was  placed  in  a  vacuum  desicator  and  dried  for 
several  days.  Seven  hundred  and  t*o  grams  (1.35  moles)  of  dried  carbon 
tetraiodide  was  obtained,  representing  a  yield  of  97%  based  on  the  carbon 
tetrachloride  used. 

Iodine  pentafluoride  (b.p.  97*C.)  was  prepared  by  direct  union 
of  the  elements,  iodine  and  fluorine.  In  a  typical  experiment,  1.5  lb. 
of  iodine  was  placed  in  a  nickel  tube,  36  in.  long  and  1  in.  in  diameter, 
awroundt-.d  by  a  water  jackal.  Fluorine  from  3  cells  operated  at  30  amperes 
was  passed  into  the  tube  for  a  period  of  6  hours,  at  the  end  of  'which 
time  the  iodine  pentafluoride  wsa  distilled  from  the  reactor.  The 
distillation  was  conducted  in  an  atmosphere  of  fluorine.  Approximately 
500  g.  of  iedine  pentafluoride  wa  3  obtained,  representing  a  yield  of 
BI&,  based  upon  the  iodine  charged  to  the  reactor. 


Trifluoriodomethane  wa3  prepared  from  carbon  totraiodido  by 
a  halogen  exchange  reaction  using  iodine  pentafluorido.  In  o  typical 
experiment,  160  g,  of  thoroughly  dried  carbon  totraiodide  was  pieced 
in  a  2-liter,  3-necked  flask  equipped  with  a  mercury  sealed  stirrer, 
c  dropping  funnel,  and  a  condenser  connected  in  series  with  a  receiver 
cooled  by  a  mixture  of  Dry  Ice  and  trichloroethylene.  The  flask  and 
its  contents  were  cooled  to  0®C.  and  60  g.  of  iodine  pentafluorido  was 
added  dropwise  during  a  period  of  30  minutes.  No  change  in  temperature 
was  obsorvod  during  the  period  in  whioh  iodine  pentafluorido  was  added. 

The  mixture  wes  heated  to  90-100°C.  within  45  minutes,  during  which  time 
large  quantities  of  vcpore  were  evolved.  Ihe  products  from  3  such  experi¬ 
ments  were  combined,  and  approximately  60  g.  of  trifluoroiodomethane  was 
obtained  representing  a  yioid  of  33 %,  Yields  as  high  os  65£  wore  obtained 
in  later  oxporinents.  In  conducting  these  it  was  observed 

that  the  desired  roaction  does  not  proceed  if  the  reagents  are  not 
anhydrous .  y 

Other  experiments  which  wero  tried  and  which  were  not  pro¬ 
ductive  of  the  desired  trifluoroiodomethane  include  the  halogen  exchange 
reaction  between  carbon  tetraiodide  and  entimony  trifluoride,  in  the 
presence  of  and  in  the  absence  of  antimony  pent a chloride.  Carbon 
tetraiodide  was  recovered.  These  experiments  wore  conducted  under 
conditions  known  to  give  the  desired  halogen  exchange  reaction  with 
carbon  tetrachloride  and  with  ccrbon  tetra bromide. 

Dlbromodifluoromethr.ne  (b.p.,  24.5°C.)  was  prepared  in  accordance 
with  the  following  sequence! 

5.  3CBr4  ♦  2SbF3  — - ^  3CBr2F2  +  2SbBr3 

Two  hundred  grams  of  carbon  tetrebromide  w^.s  ground  with  500  g. 
of  entimony  trifluorido  and  the  mixture  was  placed  in  a  3-necked  flask 
fitted  with  c  stirrer  end  c  water  condenser.  The  temperature  of  the 
condenser  weter  was  adjusted  to  about  25® C.  to  permit  the  distillation 
of  dibromodifluoromethane  from  the  reaction  mixture  os  formed.  The 
reaction  mixtu.ro  was  heated,  with  stirring,  to  120°C.  until  oil  of  the 
hnlogencted  methanes  had  been  distilled  off  and  collected  in  receivers 
cooled  in  ice  water.  The  product  was  wushod  with  ico  cold  sodium 
hydroxide  solution  and  then  with  ice  wator.  After  drying  over  anhydrous 
sodium  sulfate,  it  was  rectified  and  g.  of  dibromodifluoromethane 
was  obtained.  Thore  was  a  residue  of  about  7'g..of  tribromofluoromothane 
which  apparently  had  been  entrained  through  the  water  condenser. 

Tribromofluoroaethane  (b.p.  106®C.)  was  prepared  in  accordance 
with  the  following  equetion! 

6.  3CBr4  +  SbFs/Brg  —  ^  3CBrsF  ♦  SbBr3 

Ccrbon  tetrebromide  (200  g.)  was  mixed  with  40?  g.  of  antimony  tri¬ 
fluoride  end  the  mixture  was  placed  in  a  3-necked  flask  equipped  with  a 
Hirachborg  stirrer  and  an  air-cooled  condenser  which  woe  connected  in 
sories  with  receivers  cooled  by  wet  ice  and  by  Dry  Ice.  About  5  ali 
of  bromine  was  added  to  the  mixture  in  the  flesk  and  the  mixture  was 
warmed  with  stirring  to  100° C.  Tribromofluoroaethane  distilled  from  the 
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reaction  flask  as  formed  and  collected  in  the  ice  cooled  receiver,  the 
Material  was  we  shed  with  a  cold  concentrated  sodium  hydroxide  solution 
and  dried  over  anhydrous  sodii*  sulfate.  Upon  rectification  at  atmospheric 
pressure,  there  waa  obtained  79  g.  of  tribromofluoromethane  representing 
a  yield  of  49$, 

Bromochlorodlfluorowethane  (b.p.,  -6*C.)  was  obtained  by 
thermal  brcmin.tion  of  chlorisdifluoraaethane  (Freon  22).  The  reaction 
involved  may  be  illustrated  by  the  following  sequence: 

7.  CHC1F,  ♦  Bra  . . CBrClFa  ♦  HBr 

A  Vycor  tube,  5  cm*  by  2.5  cm.,  was  packed  with  Kimble  glass 
beads  5  mm.  in  diameter.  This  reactor  was  placed  in  an  electric  furnace 
and  heated  to  570*0.  Chlorodifluoromethane  was  introduced  below  the 
surface  of  liquid  bromine  maintained  at  a  temperature  of  40-5O*C,  The 
mixture  of  bromine  and  chlorodifluoromethane  was  then  passed  into  the 
reactor.  The  effluent  gases  were  scrubbed  with  aqueous  sodium  hydroxide 
(20$),  dried  by  anhydrous  calcium  chloride  and  finally  condensed  in  a 
receiver  cooled  by  Dry  Ice.  Upon  rectification  of  the  product  which 
collected  in  the  receiver  there  was  obtained  43  g*  of  chlorodifluoro¬ 
methane,  77  g.  of  branochlorodifluoromethane  and  47  g.  of  dibrcmodi- 
fluoromebhane. 

Chloroform  (b.p.  6l.2°C.:  m.p.  -63»5*C»)  was  obtained  frcm 
the  Dow  Chemical  Company.  It  was  used  without  farther  purification. 

Bromodifluoromethanc  (b.p.  -14, 5°C.)  was  obtained  frcm  the  Army 
Engineers  and  was  used  without  further  purification. 

Dibrcmofluorcmethane  (b.p.  65*C.)  was  prepared  in  accordance 
with  the  following  equation: 

8.  3CHBr3  +  SbF3/Bra  . .  3CHBr^+  SbBr3 

Bromofora  (CH3rj>  253  g.)  was  mixed  with  antimony  trifluoride  (330  g.)  and 
the  slurry  was  poured  into  a  3-necked  flask  equipped  with  a  stirrer  and 
an  air-cooled  condenser  connected  in  series  with  a  receiver  cooled  by 
wet  ice  and  by  Dry  Ice.  About  5  nil,  of  bromine  was  added  and  the  mixture 
was  heated  with  stirring  to  110#C,  Dibromofluorcmethane  distilled  from 
the  reaction  vessel  as  formed  and  collected  in  the  ice-cooled  receiver. 

The  distillate  was  wakfeed  with  cold  concentrated  sodium  hydroxide  solution 
and  dried  over  anhydrous  sodium  sulfate.  Upon  rectification  at  atmospheric 
pressure,  there  was  obtained  64  g.  of  dibromofluorcmethane  representing 
a  yield  of  46$. 

Dlchloromethane  (b.p,,  40-41*C.)  was  obtained  from  the  Eastman 
Kodak  Company  and  used  without  further  purification. 

Dibromomethane  (b.p,  98.5*C)  was  obtained  from  the  Columbia 
Organic  Chemicals  Inc,  This  material  waa  rectified  before  using. 


Bromo chloromct hane  (b.p.  68-69®C.)  was  obtained  from  the 
Michigan  Chemical  Company  and  from  the  Columbia  Organic  Chemical,  Inc. 
These  materials  were  used  without  further  purification. 

Methyl  Bromide  (b.p.,  4«5°C.)  was  obtained  fran  the  Mathieson 
Company  and  used  without  further  purification. 

Methyl  Iodide  (b.p.,  1*2.1*° C.)  was  obtained  from  the  Paragon 
Testing  Laboratories  and  used  without  further  purification. 

Hexafluoroethane  (b.p.  -78aC.)  was  made  available  for  test 
purposes  on  this  project  after  it  was  obtained  on  another  project  as  a 
by-product  in  the  synthesis  of  chlcropentafluoroethane  by  the  reaction 
between  1,1,2-trichlorotrifluoroethane  and  silver  difluoridc. 

1.2- Dibromotetrafluoroethane  (b.p.  &6.4aC.)  and  Branopenta- 
fluoroethane  (b.p..  -23°C.)  were  prepared  in  accordance  with  the  following 
reaction  sequence: 

9.  CF2«CF2  +  Br2  CBrF2CBrF2 

10.  2CBrF2CBrF2  +  2AgF2  •»"»»»«—»  2CF3CBrF2  +  2AgF  +  Br2 

1.2- Dibromotetrafluoroethane  was  propored  by  the  addition  of 
bromine  to  tetrafluoroethylene  following  the  procedure  described  by 
Ruff25.  The  following  example  i3  illustrative  of  the  technique  used. 
Bromine  vapors  and  tetrafluoroethylene  were  mixed  in  a  reaction  chamber 
illuminated  with  one  200  Watt  incandescent  lamp.  The  rate  of  introduction 
was  such  that  the  bromine  color  disappeared  as  a  result  of  addition  to 
tetrafluoroethylene.  After  3  moles  of  bromine  had  been  utilized,  the 
crude  product  was  washed  with  cold  sodium  hydroxide  solution  to  remove 
excess  bromine.  The  organic  product  was  then  steam  distilled,  dried 

over  calcium  chloride  and  rectified.  Six  hundred  and  forty-three  grains 
of  1,2-dibronotetrafluoroethane  was  obtained,  representing  a  yield  of 
8#  based  on  bromine  consumed. 

Lead  tctrafluoride  was  tried  for  the  halogen  exchange  reaction 
to  convert  1,2-dibromotetrafluoroethane  to  bromo pen tafluoroethane.  How¬ 
ever,  after  several  attempts  proved  unsuccessful,  efforts  were  directed 
to  the  use  of  the  more  active  silver  difluoride.  In  the  first  experi¬ 
ment  with  silver  difluoride,  75  g*  of  1,2- dibrcoot e tra fluo roe than e  was 
passed  over  silver  difluoride  maintained  at  a  temperature  of  110°C.  The 
time  required  for  the  addition  of  the  organic  material  was  one  hour.  The 
effluent  gases  were  passed  from  the  reactors  into  a  receiver  cooled  by 
wet  icc  and  then  into  a  receiver  cooled  by  Dry  Ice.  Approximately  10  r£L. 
of  product  collected  in  the  Dry  Ice-cooled  receiver.  There  was  sane 
evidence  indicating  that  the  dibraootetrafluoro ethane  decomposed  to  give 
bromine  and  tetrafluoroethylene.  A  second  experiment  was  conducted 
in  »4iich  75  g.  of  the  dibromotetrafluoro ethane  was  passed  over  silver 
difluoride  at  75*C.  The  time  fer  introducing  the  1,2-dibrcmotetrafluoro- 
ethane  was  0.5  hour.  Approximately  20  ml.  of  product  was  obtained  from 
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this  experiment.  The  products  from  these  two  experiments  were  combined, 
scrubbed  free  of  bromine  by  bubbling  through  sodium  hydroxide,  and  dried 
by  contacting  the  vapor  from,  the  scrubber  with  phosphorus  pentoxide. 
Rectification  on  a  low  temperature  column  gave  26  g.  of  brcmopentafluoro- 
ethane  boiling  at  -23* C. 

Pentafluoriodoethane  (b.p.,  16-16.5‘C)  One leas  and  coworkers® 
reported  the  preparation  of  pentafluoroiodoethane  by  the  reaction  of 
iodine  pentafluoride  with  acetylenetetraiodide.  After  a  consideration 
of  available  materials  and  reactions  involved,  it  was  decided  to  prepare 
a  quantity  of  this  compound  for  testing  with  respect  to  fire  extinction 
properties  by  the  reaction  of  iodine  pentafluoride  with  tetrafluoro-1,2- 
diiodoethane.  Several  experiments  were  performed  and  the  following 
example  may  be  considered  typical  of  the  techniques  involved:  Fifty 
grams  of  tetrafluoro-l,2-diiodoethane  wa»  placed  in  a  one-liter,  3-necked 
flask  equipped  with  a  stirrer,  a  dropping  funnel,  and  a  condenser  con¬ 
nected  in  series  to  a  wash  bottle  containing  a  5%  solution  of  sodium 
hydroxide  and  a  receiver  which  was  cooled  by  a  mixture  of  Dry  Ice  and 
trichloroethylene.  Thirty-one  grams  of  iodine  pentafluoride  was  added 
dropwsie  over  a  period  of  15  minutes.  The  mixture  was  heated  to  70"C, 
within  20  minutes,  during  which  time  a  small  amount  of  gas  was  evolved. 
The  temperature  was  then  raised  rapidly  to  75®C.  (about  5  minutes)  aad 
maintained  at  75  to  82°C.  until  the  evolution  of  gases  ceased.  Approxi¬ 
mately  24  g.  of  pentafluoroiodoethane,  boiling  at  16-16. 5°C.,  was 
obtained.  This  represents  a  yield  of  695?. 

Tetrafluoro-1 .2-Diiodoethane  (b.p.,  112*C,)  was  prepared  by 
adding  iodine  to  tctrafluoroethylene,  according  to  the  procedure  of 
Raaach22  and  illustrated  by  the  following  sequence: 

11.  CF2»CF2  +  I2  CF2ICF2I 

One  pound  of  iodine  and  one  pound  of  diethyl  ether  were  mixed 
in  a  2-liter  iron  autoclave.  After  securing  in  position,  the  autoclave 
and  its  contents  were  heated  to  60®G.  Then  a  portion  of  the  ether  was 
discharged  to  remove  the  air  which  was  in  the  autoclave  and  tetra- 
fluoroethylene  was  added  from  a  cylinder  to  a  pressure  of  330  lb./sq.  in. 
The  autoclave  and  its  contents  were  rocked  for  7  hours,  during  whidh 
time  a  pressure  drop  of  30  lb./sq.  in.  was  observed.  Tetrafluoroethylene 
was  added  at  frequent  intervals  during  the  next  18  hours,  so  that  a 
pressure  of  330  lb./sq.  in,  was  maintained.  After  discharging  the  fixed 
gases,  the  autoclave  was  opened,  and  the  contents  were  poured  onto 
crushed  ice.  No  free  iodine  was  present.  The  organic  material  was 
steam  distilled  from  a  sodium  thiosulfate  solution.  The  diethyl  ether 
was  removed  by  distillation  at  atmospheric  pressure,  and  the  1,2-dJbdo- 
tetrafluoroethylene  was  distilled  at  reduced  pressure. 

2-Bromo-l , 1 , 1-t r if luorocthane  was  prepared  in  accordance  with 
the  following  sequence: 

12.  CH2C1CHC12  +  NaOH  ■>»— ►  Oi2-CCl2  ♦  NaCl  +  h'20 

CH2-CC12  +  Br2  -**—-*■  — *  CH2BiCBrCl£ 


13. 
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14*  CBrCl2CH2Br  +  HF/SbCl5  >  CF3CH2Br 

In  brief,  this  process  involved  the  dehydrochlorination  of  1,1,2-tri- 
chloro-ethane  to  form  1,1-dichloroethane  which  was  converted  to  1,2- 
dibromo-l,l-dichloroethane  by  the  reaction  with  bromine.  1,2-Dibromo- 

1.1- dichloroetht.ne  was  converted  to  2-bromo-l,l,l-trifluoroethane  using 
the  hydrogen  fluoride  in  the  presence  of  antimony  pentachloride.  This 
latter  step  represents  a  modification  of  a  procedure  described  in  the 
literature.1 4 

1 .2- Dibromo-2-chloro-l ,1 , 2-trifluoroethane  (b.p. ,  93-94°C.) 
was  obtained  from  the  Army  Engineers  and  was  used  without  purification. 

1.2- Dibromo-l.l-dlfluoro ethane  (b.p.  94>  m.p.  -56«5°C.)  was 
obtained  from  tho  Army  Engineers  and  was  used  without  further  purification  • 

2-Bromo-l-chloro-l .  1-dlf luoroeth an e  (b.p.,  68°C.)  was  pre¬ 
pared  from  vinylidene  chloride  in  accordance  with  the  following  sequence: 

15.  CC12-CH2  +  Br2  CBrCl2CH2Br 

16.  CBrCl2CH2Br  +  SbF3/SbCl5  >■*>»  CClF2CH2Br  ♦  SbBr3. 

Bromine  wa3  added  dropwise  to  an  equivalent  amount  of  vinyli¬ 
dene  chloride  contained  in  a  3-liter,  3-necked  flask.  The  rate  of 
addition  of  bromine  was  controlled  by  the  rate  of  the  reaction  as 
evidenced  by  tho  disappearance  of  the  color  of  bromine  from  the  contents 
of  the  flask.  After  the  reaction  was  essentially  complete,  the  product 
was  washed  with  dilute  3odium  hydroxide  to  remove  excess  bromine  and 
then  with  water.  The  dried  product,  essentially  l,2-dibrc*mo-l,l-dl- 
chloro ethane ,  was  used  in  subsequent  fluorinations. 

A  one-liter,  3-necked  flask  was  fitted  with  a  Hershberg 
stirrer  and  a  Vigreaux  column.  1,2-Dibromo -1,1-dichloroethane  .(300  g.) 
and  antimony  trifluoride  (260  g.)  were  mixed  in  the  flask  and  then 
antimony  pentachloride  (25  g.)  was  added  slowly  with  stirring.  The 
mixture  was  heated  rapidly  and  the  product  allowed  to  distill  from  the 
flask.  The  distillate  was  treated  with  a  amount  of  sodium  bi¬ 

sulfite  and  steam  distilled.  The  organic  layer  was  washed  with  water 
and  dried  over  anhydrous  sodivm  sulfate.  Upon  rectification  there  were 
obtained  51  g.  of  2-bromo-l-chloro-l, 1-d if luoro ethane  and  110  g.  of 
2-bromo-l,l-dichloro-l-fluoroethane  representing  a  242  conversion  of 

1 . 2- dibromo-l , 1-dicKloroethane  to  2-bromo-l-chloro-l, 1-difluoroethane. 

l-Bromo-2-chloroethane  (b.p.  106. 7*C.)  was  obtained  from  the 
Eastman  Kodak  Company  and  was  used  without  further  purification. 

Ethyl  Bromide  (b.p.  38,4*C.;  m.p.  -117.8*C.)  was  obtained 
fran  the  Dow  Chemical  Company  and  used  for  test  purposes  without  further 
purification. 
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Bthrl  Iodide  (b.p.  72.4*0.}  m.p.  -11?.8*C.)  was  obtained  from 
Colisbia  Organic  dr.enu.cal  3,  Inc.  flic  material  was  used  for  determina¬ 
tion  of  fire  extinction  properties  without  purification. 

2.2- DifluorovlnTl  bromide,  (b.p.  *6*0.)  was  prepared  by  the  dehy- 
drochlorination  of  2-bromo-l-ehloro-l ,1-difluoroethane  as  illustrated 

in  the  following  equation. 

17.  CClF2CH2Br  ♦  NaCH  -*■  CF2-CHBr  ♦  NaCl  ♦  H20 

2-Brcmo-l-chloro-l,l-difluoroethane  was  added  dropwise  to  an 
alcoholic  solution  of  sodium  hydroxide  at  60“C.  The  solution  was  con¬ 
tained  in  a  1-liter,  3-necked  flask  equipped  with  a  dropping  funnel, 
a  stirrer  and  a  reflux  condenser.  Difluoro/inyl  bromide  distilled  from 
the  reaction  mixture  as  formed  and  collected  in  a  receiver  cooled  by  a 
mixture  of  Dry  Ice  and  trichloroethylene.  The  difluorovinyl  bromide 
was  purified  by  rectification.  Due  to  the  rapidity  with  v£iich  difluoro¬ 
vinyl  bromide  undergoes  polymerization,  the  purified  material  was  stabilized 
with  hydroqiiunone. 

VjLnvl  bromide  (b.p.  l6rC.)  was  prepared  in  .accordance  with  the 
following  sequence: 

18.  CH2BrCH2Br  ♦  KOH/CaHsOH  >»►•»■»►  CHa«CHBr  +  KBv  *  H20 

A  solution  of  potassium  hydroxide  in  ethanol  was  charged  into  a 
3-necked,  round-bottom  flask  equipped  with  a  dropping  funnel,  a  motor 
driven  stirrer  and  &  reflux  condenser.  The  reflux  condenser  was  connected 
in  series  with  a  receiver  cooled  by  web  ice.  1,2-Dibrcraoethane  was  added 
dropwise  from  a  separatory  funnel  and  the  vinyl  bromide,  distilling  cut 
as  formed,  was  collected  in  a  receiver  cooled  by  ice.  Vinyl  bromide 
was  purified  by  rectification  through  a  low  temperature  column. 

2-Chloro-l.l.l-trifluoropropane  (t,c.  30* C  )  and  3-chloro-l.l.l- 
trirluoropropano  (b.p.  L5"C>)  were  prepared  by  the  chlorination  of  1,1,1- 
trifluoropropane1 5.  L 

2-Bromo-l.l.l-trifluoropropane  (b.p.  ,>6.5*C.)  and  3-broao- -1.1.1 - 
trlfluoropropane  (b.p.  &2CC.)  were  prepared  in  accordance  with  the  follow¬ 
ing  sequence. 

FeClj 

19.  CHjjClCKClCHa  ♦  Cl2  ►  CHCL5CHCICH3  v  kci 

20.  CHCl2CHCiai3  ♦  NaOH  »»■»»■»  CC12-CHCH3  +  NaCl  +  H20 

21.  CC12-CNCH3  *  3HF  CF3CH2CH3  +  2HC1 

22.  CF,CH2CH3  1  Brz  —  CF3CHBrCH3  +  CF3CH2CH2Br  HEr 

1.2- Dichloropropane  (propylene  chloride  was  chlorinated  in  the 
liquid  phase  and  in  the  presence  of  ferric  chloride  tc  produce  polychloro- 
propanes,  a  large  proportion  of  which  was  1,1,2-trichioropropanc,  1,1- 
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Dichloropropene  was  prepared  from  the  1,1,2-trichloropropane  by  dehydro¬ 
chlorination  using/aqueous  sodium  hydroxide.  1,1-Dichloropropene  was 
converted  to  1,1,1-trifluoropropane  by  treatment  with  on  excess  of  hydrogen 
fluoride  at  autogenous  pressure  and  at  about  125®C.  The  thermal  bromination 
of  the  trifluoropropane  at  about  600°C.  resulted  in  the  formation  of  a 
mixture  containing  both  2-bromo-  and  3-bromo-l, 1,1-trifluoro propane1 6 • 

2-Bromo-l,i,l-trifluoropropane  can  also  be  prepared  by  the 
fluorination  of  l,2-dibromo-l,l-dichloropropane  with  antimony  trifluoride 
containing  elmental  bromine  ccording  to  the  reaction  sequence  outlined 
in  equations  23  and  24. 

23.  CC12  -  CHCH3  +  Br2  CBrCl2CHBrCH3 

24.  CBrCl2CHBrCH3  +  SbF3  CF3CHBrCH3  +  SbBrClz 

2-Bromo-l-chloro-l.l-difluoropropane  (b.p.  68°C.)  was  prepared 
by  the  fluorination  of  l,2-dibromo-l,l-dichloropropane  with  antimony 
trifluoride  and  elemental  bromine.  The  reactions  involved  may  be 
illustrated  by  the  following  sequence. 

25.  CC12«CHCH3  +  Br2  -»-»■.*■»»  CBrCl2CHBrCH3 

26.  CBrCl2CHBrCH3  +  SbF3  CClF2CHBrCH3  +  SbBrCIF 

l-Bromo-2 , 2-diriuoropropane  (b.p.,  76°C.)  wa3  prepared  in 
accordance  with  the  following  sequence: 


27.  CH2C1CHC1CH3  +  KOH  CH2-CC1CH3  *  KC1  +  H20 


28.  CH2aCClCH3  4  Br2  »-»  CH2BrCBrClCH3 

29.  CH2BrCBrClCH3  +  SbF3/Br2  —  CH2BrCF2CH3  +  SbBr3. 


2-Chlorcpropenc  (CH?*CC1CH3)  prop-red  by  V:.o  -chyoro- 
chlorination  of  1 , 2-dich loroprcpnne  folio-ring  a  proceaure  described  by 
Reboul23 . 


A  one-liter,  3-necked  flask  war.  equipped  with  a  mercury- 
sealed  stirrer  and  a  dropping  fUnnel.  The  flask  was  surrounded  by  ice- 
water  and  then  charged  with  1.44  moles  of  2-chloropropene.  Liquid 
bromine  (1.44  moles)  was  added  dropwise  from  the  separatory  funnel. 
After  the  reaction  was  essentially  complete,  the  flask  was  fitted  with 
a  condenser  set  downward  for  distillation.  Then  a  mixture  of  antimony 
trifluoridc  (1.44  moles)  and  branine  (1.44  moles)  was  added  to  the 
contents  of  the  flask.  The  mixture  was  heated  with  stirring  until  the 
flask  was  free  of  bromine  vapors.  The  product  which  collected  in  the 
ice-cooled  received  was  steam  distilled  from  aqueous  sodium  hydroxide. 
After  drying,  the  product  wa3  rectified.  Seventy-six  grams  of  1-brcoo- 
2,2-difluoropropane  was  obtained. 
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As3S32g£BSBg  (t.p.  a.p. 

purpose-  was  obtained  from  Halogen  Chemicals, 
further  purification.  * 


-1D9.9*C.)  used  for  teat 
Inc.  and  used  without 


j-Broao pro pone  (b.p.  48, 4°C. 
the  Halogen  Chemicals  Company.  It  was 


»  m.p.  “125°C.)  was  obtained  from 
used  without  further  purification. 


Perfluorobutane  was  prepared  by  the  fluorination  of  1-bromo- 
butnnu  with  silvor  difluoride  at  temperatures  ranging  from  200-300cC.  The 
product  from  the  fluorination  wa3  washed  with  a  sodium  hydroxide  solution 
to  remove  acidic  materials  and  then  with  a  solution  of  potassium  per¬ 
manganate  to  remove  unsaturated  ocopour.ds.  The  perfluorobutane  was  dried 
prior  to  rectification  on  a  highly  efficient  column. 


_  .  Octafluorocyclobutane  (FC-318)  (b.p.  -5°C.i  m.p.  -48eC.)  was 
obtained  as  a  research  sample  from  the  Jackson  Laboratories  of  the  E. 

I.  duPont  de  Nemours  Co.,  Inc.  This  material  was  used  without  purifica¬ 
tion. 


4  B^nzotriiluoride  (b.p.  102.5’C.)  was  obtained  from  the  Hooker 
Electrochemical  Company. 

,  ij.,  £^rfluo'ro(e.tjl’d?yclohexane)  (b.p.  99.5CC.)  perfluo-onaphthalane . 
(kt£‘  C.)  pcrfluoroindane  (b.p.  II^1170C.) .  ocrfiuorol'm^th^f: 

cyclohexane)  (b.p.  7$-76cC.)  and  oerfluoroheptane  (b.p.  82.4PC.)  were 
prepared  by  the  flucrimtion  o'  ethylbenzene,  naphthalene,  indene,  toluene, 
and  n-heptane  respectively.’ »*>”, is  These  reactions  were  carried  out  in 
the  vapor  prase  using  silver  difluoride  as  a  fluorinating  agent.  The 
hydrocarbon  was  fluorinated  with  the  silver  difluoride  at  200-250°C,  and 
th°^h'  pf°dnc^  from  thf  first  pass  recycled  over  silver  difluoride 
at  300-j50-'C.  Cobalt  trifluoride  could  have  been  used  with  equal  facility. 
However,  a  higher  temperature  would  have  been  required  to  insure  complete 
conversion  tc  s.  saturated*  hydrogen-'free  material* 

xl_  ,  ,  Eidlu^ro ( I, , 3-^iyethjlcyclchexane )  was  prepared  according  to 

the  following  sequence. 


30. 


+  6C12 


'  >CC13 


♦  6HC3 


CC1, 


;1. 


+  OiP/SbCl. 


6HC1 


■4 
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Cccmercial  xylene  Is  a  mixture  comprising  essentially  m  (about 
70 £)  and  £  (about  20%)  xylenes21.  This  mixture  contains  some  o-xylene  as 
well  as  same  ethylbenzenes  In  order  to  obtain  perfluoro(l, 3-dimethyl- 
cyclohexane)  free  of  isomeric  materials  the  sequence  outlined  in  equations 
30-34,  inclusive,  was  followed  in  accordance  with  procedures  described 
previously, 


sequence: 


Perfluoro(  1.4-dimethvl cyclohexane)  was  prepared  according  to  the 


+  6HC1 


♦  6HC1 


♦  14  AgF  ♦  4  HF 


Para  xylene  from  the  Oronite  Chemical  Company  was  chlorinated 
photochenically  to  produce  l,4-bis(trichlorcmethyl)benzene,  (m.p.  112*C.) 
which  wa-j  purified  by  recrystallization.  The  l,4-bis(trichlorooethyl)- 
benz^r.e  was  treated  with  hydrogen  fluoride  and  antimony  pentachloride  at 
room  temperature  to  produce  lJ4“bia(trifluoromethyl)benzene  which  was  con¬ 
verted  to  perfluoro(l,4-dimethylcyclohexane)  by  vapor-phast  fluorination 
with  silver  difluoride. 
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HcpUdacafluorotN  .N-dl^^g^Pr^TlI^)  ms  obtained  from 
the  Minnesota  Mining  and  Manufacturing  Company  as  a  research  sample.  It 
was  used  as  such  without  purification. 

Ethyl  trifluoroacetate  (b.p*,  6l.7°C.)  was  prepared  by  the 
simultaneous  hydrolysis  and  esterification  of  sodiun  trifluoroacetate. 

The  reactions  involved  in  this  synthesis  may  be  illustrated  by  the 
following  sequence! 

39.  CFjCOjNa  +  H2S0j.  ♦  C^CH  -*->>»  CF3C02C2H5  ♦  NaHSO*  ♦  H20. 

In  carrying  out  the  reaction,  an  excess  of  both  sulfuric 
acid  and  ethanol  was  used  and  the  reaction  was  forced  to  completion  by 
the  oontinuous  distillation  of  the  product  from  the  reaction  mixture. 

The  distillate  was  treated  with  anhydrous  calciun  chloride  at  0CC.  to 
remove  residual  alcohol  and  distilled  from  a  small  amount  of  phosphorus 
pontoxide. 


Nitrogen  Trifluoride  (b.p.  -110*C.)  was  prepared  by  the  vapor- 
phase  fluorlnation  of  ammonia  using  silver  difluoride.  Nitrogen  tri- 
fluoride  was  purified  by  scrubbing  with  aqueous  alkali,  drying  and 
rectifying. 

Silicon  tetrachloride  (b.p.  57.6*C.j  m.p.  -70°C.)  was  obtained 
from  the  Stauffer  Chemical  Company  and  was  used  without  further  purifi¬ 
cation. 


Hydrogen  bromide  (b.p.  -67*C.)  was  prepared  by  the  reaction 
between  bromine  and  tetralin.  In  the  preparation  of  hydrogen  bromide 
135  ml.  of  bromine  added  slowly  to  art  excess  of  tetralin  contained  in  a 
Florence  flask.  The  gas  evolved  was  dried  by  passing  it  through 
calcium  chloride  and  collected  in  traps  cooled  by  Dry  Ice.  To  prevent 
bromine  from  pessing  ever  with  the  reaction  product  an  icc  trap  was 
utilized  together  with  water  cooling  of  the  reaction  flask. 

Hydrogen  Chloride  (b.p.  -85*C.)  was  obtained  from  the  Hanshaw 
Chemical  Company  and  used  without  further  purification. 

Riosohorus  Trichloride  (b.p.  75.9°C.)  was  obtained  from  the 
Mallinckrod!  Chemical  Company  and  used  without  further  purification. 

Carbon  Dioxide  was  obtained  from  the  Liquid  Carbonic  Company, 

Other  Materials.  Most  of  compounds  evaluated  with  respect  to 
their  fire  extinction  properties  have  been  either  halocarbons  or 
haloh yd ro carbons.  The  desirability  of  preparing  and  evaluating  repre¬ 
sentative  compounds  from  other  classes  cf  materials  is  evident  from 
an  inspection  of  the  few  data  available  from  the  evaluation  of  such 
compounds.  Considerable  effort  has  been  directed  to  the  preparation  of 
fluorinattsd  derivatives  of  ether,  sulfides,  silicones  and  amines.  The 
proposed  methods  of  synthesis  of  these  compounds  and  a  discussion  of 
the  progress  and  failures  to  date  are  reported  herein. 


-w 


126 


Fluorinated  Ethers.  It  was  decided  to  attempt  the  preparation 
of  fluorinated  dimethyl  ethers  by  two  methods  which  are  described  by 


the  following 

equations: 

40. 

CF3I  +  NaOCH3 

CH30CF3  ♦  Nal 

41. 

2CF3I  +  Ag20  >►-»>> 

*  CF30CF3  +  2AgI 

42. 

CH3C*j  +  HC1  +  CH20  - 

C1CH20CH3  ♦  H20 

43. 

C1CH20CH3  +  Cl2 

►  c2h2ci4o 

44. 

C2H2C140  +  SbF3  ■*  *  *■ 

~  C2H2F40  +  C2H2E1F30 

45. 

c2h2f4o  ♦  Cl2 

*  C2C12F40 

46. 

C2H2C1F30  +  Cl2  *♦— * 

C2C13F30 

47. 

C2C12F40  ♦  MFX 

*•*  C2F60  ♦  C20C1F5 

48. 

C2C13F30  +  MFX 

*+  C2C12F40  C2C1F50  +  C2Fe0 

The  method  of  equations  40  and  41  represents  the  more  direct  approach  and 
accordingly  experiments  were  performed  in  which  an  attempt  was  made  to 
react  trifluorcmetnyl  iodide  with  sodium  methoxide  and  with  silver  oxide. 
The  reactions  when  carried  out  in  Carius  tubes  usually  ended  with  the 
demolition  of  the  tubes,  indicating  the  formation  of  hexafluoroethane. 

One  experiment  was  conducted  in  a  small  nickel  autoclave.  Forty  grams  of 
trifluoroiodomethsn0 ,  26  g-  of  sii/er  crj.de  and  20  g.  of  methanol  were 
placed  in  a  _cu:ll  nickel  autoclave  and  heated  av  50°C.  for  96  hours 
and  then  at  100°C.  for  24  hours.  The  autogenous  pressure  had  reached 
600  lb. /so,  in.  at  1C0°C.  and  was  200  lb./sq.in.  av  roan  temperature. 

The  autoclave  was  connected  to  a  series  of  traps  and  the  valve  was 
opened.  No  gas  was  collected  in  the  Dry  Ice  traps  and  upon  heating  the 
autoclave  a  ^  .ntity  of  methanol  was  coxiected.  The  autoclave  was  opened 
and  the  solid  was  removed.  The  solid  material  gave  a  positive  test  for 
silver  iodide  but  also  seemed  to  have  hydrogen  fluoride  occluded  on  the 
surface.  The  fact  that  there  was  a  pressure  increase  during  the  reaction 
and  yet  no  gas  was  collected  in  the  Dry  Ice  traps  indicated  that  a  more 
complicated  reaction  had  t^ken  place  than  expected  from  equation  41. 

It  appears  that  a  metallic  surface  is  not  beneficial  to  the  desired 
reaction.  Since  no  glass  lined  autoclave  was  available  and  since  only 
small  quantities  of  materials  could  be  used  in  the  Carius  tubes  it  was 
decided  to  abandon  this  approach. 

The  synthesis  concerned  with  the  preparation  of  the  polychlor¬ 
inated  dimethyl  ethers  as  the  intermediates  was  considered  the  next 
logical  approach  to  the  preparation  of  the  desired  polyfluorinated 
dimethyl  ethers.  Honochloromethyl  ether  was  chosen  as  the  starting 
material  and  four  kilograms  were  prepared  by  the  directions  given  in 
Organic  Synthesis7.'  The  next  step  in  the  preparation  of  fluorinated 
methyl  ethers  was  the  preparation  of  polychlorinated  methyl  ethers  fran 
the  raonochlorotnethyl  ether.  Booth*  mentioned  the  preparation  of  poly- 
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chlorinated  methyl  ethers  but  does  not  give  experimental  details.  It 
was  found  that  in  tha  presence  of  carbon  tetrachloride  and  ultraviolet 
radiation  further  chlorination  of  monochloromethyl  ether  with  chlorine 
could  bo  achieved.  A  typical  preparation  is  as  follows*  Three  hundred 
grans  of  monochloromethyl  ether  was  placed  in  a  large  glass  tube  4  feet 
long  and  2  inches  in  diameter  and  equipped  with  cooling  coils,  a  gas 
dispersion  disc  and  a  reflux  condenser.  Two  hundred  and  fifty  grams 
of  carbon  tetrachloride  was  added  and  chlorine  was  passed  into  the 
solution  for  20  minutes  at  -15*C, ,  and  for  16  hours  at  approximately 
35  to  40* C.  The  solution  was  dried  with  calcium  chloride  and  fractionated. 
There  was  obtained  300  grains  of  polychlorinated  dimethyl  ether  boiling 
at  128  to  130*C,  and  100  grams  of  dichloro( dimethyl  ethpr)  boiling  at 
102  to  105*C.  It  has  not  been  determined  if  the  higher  boiling  fraction 
is  the  tri-  or  tetrachloro( dimethyl  ether).  There  are  conflicting 
reports  in  the  literaturo  as  to  the  boiling  points  of  the  two  materials. 

Booth2  gives  the  preparation  of  fluorinated  dimethyl  ethers 
by  the  reaction  of  antimony  trifluoride  with  the  polychlorinated  methyl 
ethers.  Three  hundred  grams  of  the  polychlorinated  ether  was  placed 
in  a  500  ml.,  round-bottom,  3-necked  flask  equipped  with  a  stirrer,  a 
condenser  and  a  nitrogen  inlet.  Five  hundred  grams  of  antimony  tri¬ 
fluoride  was  added  and  the  mixture  was  heated  at  reflux  for  several  hours. 
There  was  obtained  25  grams  of  material  boiling  at  30-31®Ci  and  7  grams 
of  material  boiling  at  53#C.  This  would  indicate  that  the  starting 
material  was  trichloro( dimethyl  ether)  since  the  boiling  points  correspond 
to  these  given  by  Booth  for  tri£luoro(  dimethyl  ether)  and  chlorodifluoro- 
(dimethyl  ether.) 

Fluorinated  Sulfides.  Among  the  sulfur  compounds  desired  for 
evaluation  ..ith  respect  to  their  fire  extinction  properties  were  the 
followings  CC1F3S,  CF3SFs,  CF3SF,  CF3SCF3,  and  (CF3)2SF*.  The  proposed 
methods  of  synthesis  of  these  compounds  are  given  by  the  following 
unbalanced  equations! 


49.  CS2  +  Cl2  »►*>»►  CC13  SCI 

50.  CC13SC1  +  SbF3  »►»»»  CC12  F2S  +  CC1F3S 

51.  CC13SC1  +  AgF2  -»>•►>■  CF3SF6  +  CF3SF 

52.  m3SCH3  ♦  Cl2  C2Hj.C12S  +  C2H2C14S 

53.  C^CljjS  +  SbF3  ■»»>>*  C2H4.F2S 
54*  CjjH^FjS  Cl2  *  w  *  *  >  m  C2C1i,F2S 

55.  C2Cl4F2S  *  SbF3  •>>►>*  CgFgS 

56.  CjjHjCI^S  +  SbF3  —  C2H2F4S 

57.  C2H2FvS  *  Cl2  »»>>>>  C2C12Fi,S 
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58.  CaCljF m3  +  SbP3  C2F6S 

59..  QiaSCHj  +  MFX  -»*'»■*».  (CF3)4S  ♦  CP3SF5  ♦  {CF3)gSP* 

Several  attempts  were  made  to  prepare  thiocarbonyi  perchloride  (CCI3SCI) 
without  success  by  the  method  given  in  Organic  Synthesis*.  No  explanation 
has  been  found  and  this  particular  synthesis  has  been  abandoned. 

The  chlorination  of  dimethyl  sulfide  has  been  done  by  Moos20. 
However,  upon  chlorination  of  dimethyl  sulfide,  products  were  obtained 
whose  boiling  points  were  different  from  these  given  by  Moos. 

Fluorinated  Amines.  In  order  to  make  the  study  on  amines  store 
complete,  it  war  decided  to  attempt  the  preparation  of  perfluorof trimethyl 
amine) .  Ten  experiments  were  performed  in  which  trimethylamine  was 
fluorinated  to  various  degrees  by  passing  the  compound  over  fluorides 
consisting  of  ether  lead  tetra fluoride ,  cobalt  trifluoride  or  silver 
diflu'ride.  The  experiments  were  varied  with  respect  to  temperature  and 
time  of  contact.  From  the  ten  experiments  approximately  70  grams  of  a 
material  boiling  at  30-33°C.  and  analyzing  for  6.936  N,  19.4$  C  and 
1.6$  H  a9  compared  to  6.33$  N,  16.26$  C  and  0$  H  for  perfluoro( trimethyl - 
amino)  was  obtained.  This  material  was  recycled  over  cobalt  trifluoride 
at  180-200° C.  The  resulting  product  wa3  rectified  on  a  low  tempo raturo 
column.  Seven  fractions  were  obtained  and  are  as  follows: 


Weight  of  distillate  (g.)  Boiling  Hange  f°C.) 


Less  than  1.0 
5.0 
5.0 
9.0 

Less  than  1.0 
1.9 
7.5 


below  -15.0 
-14.0  to  +7*0 

+7.5  to  15.0 
15.0  to  2*7.0 
27  to  40 
40  to  65 
65  to  70 


Since  these  experiments  were  not  indicative  of  better  results,  further 
work  was  abandoned. 


Performance  Tests 


Early  in  this  research  program  it  was  mutually  agreed  that 
large  scale  tests  should  be  conducted  at  Port  Belvoir  and  not  at  Purdue, 
This  report  would  not  be  complete  without  including  results  of  some 
actual  tests.  These  results,  supplied  by  the  research  group  at  Fort 
Belvoir,  are  sunmarized  in  Table  XVIII.  An  inspection  of  these  data 
in  this  table  bear  out  the  conclusion  that  bromoflurrocarbons  are 
effective  fire  extinguishing  agents.  The  correlation  between  the  peak 
in  the  flammability  curve  (Tahle  I)  and  the  behavior  of  these  materials 
in  extinguishing  a  fcvb  fire  is  not  readily  apparent.  However,  if  the 
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TEC Ft.  Belvoir,  Ft.  Belvoir,  Ve. 
Table  iVIII  Weight  Effectiveness,  in  Percent,  of  Selected  tgents  \jpinst 

Class  B  and  C  Fires  ( iverage  of  10  tests  unless  otherwise  noted) 
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product  of  the  time  required  for  extinguishment  and  quantity  of  material 
required  is  compared  with  the  peak  in  the  flammability  carve  (fable  XIX), 
there  jjj  a  qualitative  relationship. 

It  ie  noted  that  the  method  of  application  Influences  the 
effectiveness  of  a  given  substance  as  a  fire-extinguishing  agent. 

Perhaps  a  closer  correlation  would  have  been  obtained  between  small  scale 
tests  and  large  scale  tests  if  all  large  scale  test3  had  been  conducted 
using  conditions  for  the  application  which  had  been  demonstrated  as  being 
most  effective  for  the  compound  in  question. 
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Table  XIX 


/  -ant 


CBr2F3 

CBrF2CBrF2 

CBW3 

CH3I 

CaHjBr 

CH2BrCl 

CH3Br 

C02 


THE  C0R11ELA  TIOK  BETWEEN  PERFORMANCE  TEST  ANT 
PEAKS  IN  THE  FLAMMABILITY  CURVES 
(Claes  B  Tub  Fire) 


Quantity,  oz. 
Agent  at  800  psig. 


Product 


14.4 4 
21.00 
23.10 
32.76 
32.76 
34,29 
38.42 
47.32 


Flajnroability 

Peak,  % 


Agent  at  400  psig. 


CBr2F- 

CBrf2CBrF2 

CBrF3 

CBrFaCH2Br 

CBrClF2 

CH3Br 

CCl* 

CC12F2 


6.6 

9.24 

4.2 

10.8 

24.84 

4.9 

7.6 

22.80 

6.1 

12 

26.40 

6.8 

10.7 

24.61 

9.3 

8.0 

16.80 

9.7 

11.4 

22.80 

11 .  S 

12 

49.20 

14.9 
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Appendix 

The  desirability  of  baring  '.11  of  the  date  obtained  during  tike 
course  of  research  on  this  project  is  apparent.  Consequently,  detailed 
information  not  pertinent  to  the  discussions  in  the  body  of  this  report 
ere  collected  in  the  appendix.  Tables  are  included  which  show  the  flam¬ 
mability  of  various  mixtures.  Whenever  possible  plota  are  included  show¬ 
ing  tho  flammable  areas  of  the  various  mixtures.  The  data  obtained  in  the 
literature  search  for  physical  properties  of  several  gaces  are  summarized 
in  tabular  form  In  this  section. 

In  the  tables  showing  the  flammability,  ♦  indicates  that  the 
mieture  burned,  l.e,  the  flame  travelled  to  the  top  of  the  tubej  -  indicates 
that  the  mixture  did  not  burn  or  if  the  mixture  ignited,  tho  flame  did  not 
travel  to  the  top  of  the  tube. 
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Tahle  1 

FLAMMABILITY  OF  MIXTURES  OF  ^-HEPTANE*  kIR  AND 

dibromodifluohqmethane 

( Total  Pressure  *  400  ram.  Hg) 


gcsaaacaj.  «» 


_CTriF£ 

8  8 

8  12 

12  B 

12  12 

16  6 

U  6 

8  4 

16  6 

20  4 

14  B 

22  6 

14  10 

14  12 

\  12  10 
10  6 

16  6 

22  2 

10  4 

22  4 

16  12 

18  10 

16  14 

18  12 

16  16 

18  16 

20  14 

18  18 

24  4 

20  8 

14 


_ Volume  * _ 

c7^£  C8r2F2 

Result 

2.0 

2.0 

• 

2.0 

3.0 

- 

3.0 

2.0 

+ 

3.0 

3.0 

- 

4.0 

2.0 

4* 

3.0 

1.5 

4 

2.0 

i.O 

- 

4.0 

1.5 

♦ 

5.0 

1.0 

+ 

3.5 

2.0 

+ 

5.5 

1.5 

- 

3.5 

2,5 

♦ 

3.5 

3.0 

♦ 

3.0 

2.5 

- 

2.5 

1.5 

- 

4.5 

1.5 

5.5 

0.5 

+ 

2.5 

1.0 

* 

5.5 

1.0 

♦ 

4.0 

3.0 

♦ 

4.5 

2.5 

4 

4.0 

3.5 

♦ 

4.5 

3.0 

* 

4.0 

4.0 

- 

4.5 

4.0 

4* 

5.0 

3.5 

- 

4.5 

4.5 

- 

6.0 

1.0 

4 

5.0 

2.0 

4 

3.5 

3.5 

- 

a 


136 


Table  2 


FLAMMABILITY  OF  MIXTURES  OF  jj-HEPTAIJE,  AIR  AND 
TRI  BROMOFIDCRCMETSIANE 
(Total  Pressure  »  400  mn.  Hg) 


Pressure. 

ram.  ris 

Volume  i  _ 

Result 

c?  ie 

CBr.-^F 

C7Hie 

CBr3F 

8 

8 

2.0 

2.0 

. 

8 

12 

2.C 

3.0 

- 

10 

8 

£.5 

2.0 

♦ 

10 

12 

2.5 

3.0 

- 

12 

16 

3.0 

4.0 

♦ 

10 

10 

2.5 

2.5 

- 

12 

20 

3.0 

5.0 

- 

12 

18 

3.0 

4.5 

14 

18 

3.5 

4.5 

16 

14 

4.0 

3.5 

- 

18 

10 

4.5 

2.5 

« 

14 

14 

3.5 

3.5 

- 

20 

6 

5.0 

1.5 

- 

13V. 

Table  3 

FLAMMABILITY  OF  MIXTURES  OF  n-HEPTWS,  Ant  USD  S-BR0M0-1,1 , l-TRI-FLUORO- 

fROPAST, 


Pressure.  kt*.  H* 

Volume  i 

Result 

fldHalLa. 

Total 

Ctil.Br?* 

4.0 

4.C 

100 

1.0 

1.0 

5,0 

8.0 

40O 

1.3 

2.0 

- 

6.0 

6.0 

397 

1.5 

2.0 

4 

a.c 

9.0 

396 

2.0 

2.3 

- 

9.0 

9.0 

400 

2.3 

2.3 

4- 

9.0 

12.0 

400 

2.3 

3,0 

♦ 

9  .0 

14.0 

396 

2.3 

3.5 

- 

10.0 

14.0 

338 

2.5 

3.5 

♦ 

11.0 

16.0 

400 

2.8 

4.0 

4- 

14.0 

20.0 

400 

3.5 

5.0 

• 

14.0 

19.0 

4  OG 

3.5 

4.8 

4- 

15.0 

iC.O 

400 

3.8 

4.8 

+. 

16.0 

18.0 

100 

4.0 

4.5 

- 

16.0 

IV.  0 

397 

4.0 

4  ash 

+ 

18.0 

15.0 

390 

4.5 

3.8 

- 

18.0 

14.0 

400 

4.5 

3.5 

♦ 

19.0 

10.0 

400 

4.8 

£.5 

4* 

20.0 

8.0 

400 

5.0 

2.C 

- 

20.0 

7.0 

400 

5.0 

1.0 

- 

2C.0 

6.0 

400 

5.0 

1.5 

4- 

20.0 

4.0 

398 

5.0 

1.0 

+ 

21.0 

4.0 

400 

5.3 

1.0 

- 

\ 


k 
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Table  4 

FLAMMABILITY  OF  MIXTURES  OF  n-HETTAMS,  aIE  Alffi  l,«*MSROMO 
TETRA-  fLUORQElHANE 

{Total  Preset  a  *  400  mm.  Hg) 


Pressure 

.  nun.  Ha 

_ Volume  % _ 

Result 

L-CaHi  a 

CafXaE* 

7.0 

4.0 

1.8 

1.0 

♦ 

6.0 

4.0 

1  mb 

1.0 

- 

7.0 

8.0 

^  P 

2.0 

♦ 

7  .w 

6.0 

1.8 

1.5 

- 

7.0 

10.0 

1.6 

2.5 

♦ 

a.  o 

12,0 

2.0 

3.0 

♦ 

9.0 

14.0 

2.3 

3.5 

♦ 

10.0 

16.0 

2.5 

4.0 

* 

11.0 

18.0 

2.8 

4.5 

- 

14,0 

18.0 

3.5 

4.5 

♦ 

15,0 

19.0 

3.8 

4.8 

15.0 

20.0 

3.Q 

5.0 

- 

17,0 

18.0 

4.3 

4.5 

♦ 

ia.o 

16.0 

4.5 

4.0 

20.0 

14.0 

5.0 

3.5 

- 

21.0 

10.0 

5.3 

2.5 

♦ 

21.0 

8.0 

5.3 

2.0 

* 

22.0 

8.0 

5.5 

2.0 

- 

19.0 

14.0 

4.8 

3.5 

♦ 

> 
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Table  5 


FLAMMABILITY  Ci  MIXTURE?  OF  ft-HEPTANE,  AIR,  AND  1,2- 
DI I  ODOTCTRi*  FLOORCETHANE 
(Total  Pressure  ■  400  mm,  Hg) 


Pressure 

.  m.  Ha, 

_ Volume,  jo 

Result 

SaiU 

SEalfiEal 

CtH.  m 

.GJaISfal 

16 

16 

4.0 

4.0 

♦ 

20 

16 

5.0 

4.0 

♦ 

16 

18 

4.0 

4.5 

4 

12 

16 

3.0 

4.0 

4 

24 

16 

6.0 

4.0 

- 

8 

16 

2.0 

4.0 

4 

16 

24 

4.0 

6.0 

- 

12 

24 

3.0 

6.0 

- 

16 

20 

4.0 

5.0 

- 

12 

20 

3.0 

5.0 

- 

12 

18 

3,0 

4.5 

4 

20 

18 

5.0 

4.5 

- 

8 

18 

2.0 

4.5 

• 

14 

19.2 

3.5 

4.8 

4 

6 

16 

1.5 

4.0 

- 

’14 

20 

3,5 

5.0 

* 

140 


4  | 


t 


Table  B 


FLAMMABILITY  OF  MIXTOSES  OF  i-IL  TT^HE .  AIR,  AND  DIBROMOKETHANE 
{Total  Pressure  •  400  oa.  Hg) 


Pressure. 

Volume. 

* 

CHffBro 

Reaulta 

14.0 

16.0 

3.5 

4*0 

*•  • 

12.0 

20.0 

3.0 

5.0 

15.0 

16.0 

3.8 

4.0 

- 

11.0 

20,0 

2.8 

5.0 

♦ 

10.0 

10.0 

4.5 

2.5 

•  | 

6.0 

14.0 

1.5 

3.5 

-  i 

7.0 

14.0 

1.8 

3.5 

♦  ; 

8.0 

16.0 

2.0 

4.0 

♦ 

7.0 

12.0 

1.8 

3.0 

*  l 

6.0 

10.0 

1.5 

2.5 

•  ' 

6.0 

8.0 

1.5 

2,0 

1 

8.0 

18.0 

2.0 

4.5 

-  ! 

6.0 

4.0 

1.5 

1.0 

«• 

9.0 

20.0 

2.3 

5.0 

♦  ! 

10.0 

21.0 

2.5 

5.3 

- 

17.0 

10.0 

4.3 

2.5 

♦ 

20.0 

4.0 

5.0 

1.0 

-  i 

19.0 

4.0 

4.6 

l.C 

♦ 
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Table  ? 


FLAMMABILITY  OF  MIXTURES  OF  N-HLFTANE,  AIR,  AND  WCNTAFLUORO- 

IODOETHANE 


Pressure. 

aim.  H*. 

.  Volume. 

* 

Result 

C?Hlt 

CTaCFal 

IJj.O 

16.0 

3.0 

4.0 

♦ 

12.0 

20.0 

3.0 

5.0 

♦ 

10.0 

18.0 

2.5 

4.5 

- 

12.0 

24.0 

3.0 

6.0 

- 

14.0 

20  c0 

3.5 

5.0 

- 

12.0 

22.0 

3.0 

5.5 

- 

10.0 

14.0 

2.5 

3.5 

- 

16.0 

14.0 

4.0 

3.5 

♦ 

10.0 

10.0 

2.5 

2.5 

- 

20.0 

10.0 

5.0 

2.5 

♦ 

10.0 

6.0 

2.5 

1.5 

- 

18.0 

16.0 

4.5 

4.0 

4- 

24.0 

10.0 

6,0 

2.5 

4- 

18.0 

18.0 

4.5 

4.5 

4* 

26.0 

10.0 

6.5 

2.5 

- 
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Table  g 


FL/JeiABILITv  OF  EXTORT?  OF  a-KTTT^JSl , 

AIR,  ^1©  3-BftGMO-l 

,1,1-TT>' 

fluoropropanf 

{Total  Pressure  ■ 

400  mm.  Hg) 

Pressure. 

mm.  Hr 

Volume,  i 

Result 

h-CtH] « 

£»ikBlEa 

12.0 

16.0 

3.0 

4,0 

13.0 

16.0 

3.3 

4.0 

- 

12.0 

18.  C 

3.0 

4.5 

- 

6.0 

18.0 

1.5 

■4.5 

16,0 

10.0 

4.0 

2.5 

♦ 

6.0 

20.0 

1.5 

5.0 

+ 

18.0 

10.0 

**  ,5 

2.5 

- 

6.0 

21.0 

1.5 

5.3 

5.0 

20.0 

1.3 

5.0 

- 

8.0 

21.0 

2.0 

5.3 

- 

6.0 

22.0 

1.5 

5.5 

- 

5.0 

21.0 

1.3 

5.3 

- 

5.0 

14.0 

1.3 

3.5 

♦ 

10.0 

20.0 

2.5 

5.0 

- 

-•.0 

10.0 

1.0 

2.5 

- 

10.0 

19.0 

2.5 

4.8 

♦ 

1 
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Tfeble  V 


FUUGkBILITY  OP  lilXTURfcS  OF  a-HEPLJCS  aIR  ,J>tD 
ETHYL  IODIDE 

(Total  Pressure  ■  40o  mu.  Hg) 


Pressure. 

mu.  Hr 

Volume 

f 

Result 

SjZul 

Sj&L 

C7*M  ft 

12 

16 

3.0 

4.0 

* 

12 

20 

3.0 

5.0 

♦ 

12 

24 

3.0 

6.0 

- 

12 

22 

3.0 

5.5 

- 

10 

22 

2.5 

5.5 

♦ 

14 

22 

3.5 

5.5 

- 

10 

n  * 

ir'A 

n  e 

*v 

6.0 

- 

14 

18 

3.5 

4.5 

- 

8 

24 

2.0 

6.0 

- 

16 

14 

4.0 

3.5 

- 

0 

22 

2.0 

5.5 

* 

16 

10 

4.0 

2.5 

«■ 

6 

16 

1.5 

4.0 

20 

8 

5.0 

2.0 

- 

v 
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Table  10 

k-amk&bxlitt  of  vrmms  c?  b-hm,  ^ol  ^ 
BROBOPENT„FLUOHOETffeNE 
(Total  Pressure  »  400  am*  If  j 


CFjCFgiir 


CFjCFgBr 


limit 
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Table  11 

TtASKABIUTT  OF  MIXTURES  OF  n-HRFTkNR,  ,1R  «KD  METHYL  IQDIflE 

{Total  Pressure  »  400  mm,  Hg) 


Pressure. 

M.  H» 

Vnltunn. 

4 , 

fl=2a&A 

ArStHm 

£ibl 

Result 

li . 0 

12.0 

3.5 

3.5 

- 

13.  C 

12,0 

3.3 

3.0 

♦ 

12.0 

16.0 

3.0 

4  ,0 

* 

a.o 

"0.0 

2.0 

5.0 

t 

13.0 

16.0 

3.3 

4.0 

- 

a.o 

18.0 

2.0 

4.5 

♦ 

8.0 

16,0 

2.0 

4.0 

♦ 

9.0 

22.0 

2.3 

5.5 

♦ 

7.0 

16.0 

i.e 

4.0 

- 

9.0 

23.0 

2.3 

5 .8 

- 

8H' 

22.0 

2.0 

5.5 

♦ 

7.0 

20.0 

1.8 

5.0 

- 

10.0 

20.0 

2.5 

5.0 

♦ 

8.0 

23.0 

2.0 

5.8 

- 

11.0 

20.0 

2.8 

5.0 

♦ 

12.0 

20.0 

3.0 

5.0 

♦ 

14.0 

12.0 

3.5 

3,0 

♦ 
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TabU-  IS 


FLAMMABILITY  OF  KIXTUR ES  OF  n-HE?TAKE,  AIR  ,J9C  Fit OMOTRI FLU ORO- 

METHANE 

(Total  Pressure  »  400  mm.  Kg) 


Pressure. 

jam.  Ha 

Volume. 

£ 

n-C-iH-j  rt 

QFrfS 

n-C,H,* 

OfilZa 

0.0 

heuult 

5.0 

0.0 

1.3 

6.0 

0.0 

1 .5 

0.0 

♦ 

28.0 

0.0 

7.0 

0.0 

♦ 

29.0 

0.0 

7.3 

0.0 

- 

11.0 

£■■  .0 

2.8 

6 .0 

- 

13.0 

24  .0 

3.3 

6.0 

- 

6.0 

b.O 

1.5 

2.0 

- 

7.0 

6.0 

1.8 

2.0 

♦ 

8.0 

16.0 

2.0 

4.0 

- 

9.0 

16.0 

2.3 

4.U 

♦ 

20.0 

o  *  v 

-  m 

«J  •  V 

2  .0 

* 

16.0 

16.0 

1.0 

4.0 

- 

12.0 

24.0 

3.0 

6.0 

4* 

12.0 

25,0 

3.0 

6.3 

- 

10.0 

20.0 

2.5 

5.0 

*• 

13.0 

23.0 

3.3 

5.8 

- 

9.0 

20.0 

2.3 

5.0 

- 

15.0 

16.0 

3.8 

4.0 

19.0 

8.0 

4.8 

2.0 

14.0 

20.0 

3.5 

5.0 

24.0 

4.0 

6.0 

1.0 

- 

Table  13 
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FLAMMABILITY  OF  MIXTURES  OF  u-HEPHkNE,  AIR  AND 
ETHYL  EKOMIEE 

{Total  Pressure  ■  400  .-nm.  Hgi 


Pressure, 

l  an.  H* 

_ Volume  % _ 

Result 

:7H;e 

Mill  ■■IlfcHM  « 

CHjOHgBr 

C7JIi6 

GHjCHijBr 

£4 

ie 

6.0 

4.0 

- 

2 

16 

0.5 

4.0 

- 

20 

16 

5.0 

4.0 

- 

6 

16 

1.5 

4.0 

♦ 

ie 

16 

4.5 

4.0 

** 

16 

1.0 

4.0 

19.2 

16 

4.8 

4.0 

- 

5.2 

16 

1.3 

4.0 

- 

lfi 

32 

4.5 

8.0 

- 

14 

32 

3.5 

8.0 

- 

14 

24 

3.5 

6.0 

- 

6 

24 

1.5 

6.0 

- 

10 

24 

2.5 

6.0 

* 

12 

24 

3.0 

6.0 

- 

8 

24 

2.0 

6.0 

♦ 

10 

26 

2.5 

6.5 

- 

11.2 

24 

2.8 

1.0 

♦ 

7.2 

24 

1.8 

6.0 

- 

6 

25.2 

2.5 

6.3 

- 

5.2 

£5.2 

2.3 

6.3 

+ 

8 

25.2 

2.0 

6.3 

- 

9.2 

26 

2,3 

6.5 

- 

v 
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Table  U 


FL/J0UBILITY  OF  MIXTURES  OF  n -HEPTANE,  AIR  AI,D 
1-8R0M0-2 ,  2-DI  FLUOHOFROPfOffi 
(Total  Pressure  *  400  an.  He) 


Prc 

ssure.  mm.  Hr 

Voloaef 

hrsul t 

c7h16 

CHcRrC  ,CH3 

C7Hie 

CH2BrCF2CH3 

4 

4 

1.0 

1.0 

- 

4 

e 

1.0 

2.0 

- 

e 

4 

2.0 

1.0 

♦ 

e 

8 

2.0 

£  *0 

+ 

6 

12 

2.0 

3.U 

* 

6 

1.5 

1  .0 

♦ 

6 

c 

1.5 

2.0 

♦ 

6 

12 

1.5 

3.0 

+ 

8 

16 

2.0 

4.0 

♦ 

4 

16 

1.0 

4  .0 

♦ 

4 

12 

1.0 

2.0 

♦ 

O 

16 

0.5 

4.0 

- 

*r 

20 

1.0 

5.0 

- 

4 

24 

1.0 

6.0 

- 

6 

20 

1.5 

5.0 

♦ 

6 

24 

1.5 

6.0 

+ 

6 

28 

1.5 

7.0 

- 

8 

o2 

2.0 

8.0 

- 

8 

28 

2.0 

7.0 

- 

12 

24 

3.0 

6 .  \j 

12 

28 

3.0 

7.0 

- 

8 

26 

2.0 

6.5 

- 

12 

26 

3.0 

6.5 

- 

16 

26 

4.0 

6.5 

- 

14 

26 

3.5 

6.5 

- 

16 

24 

4.0 

6.0 

- 

10 

24  .8 

2.5 

6.2 

14 

24 

3.5 

6.0 

- 

26 

12 

6.5 

3.0 

- 

8 

25.2 

2.0 

6.3 

- 

22 

12 

5.5 

3,0 

- 

8 

24 

2,0 

6  .o 

♦ 

18 

12 

4.5 

3.0 

♦ 

fcblt  15 
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FLAMli,JBILITY  OF  MIXTURES  OF  n-HEPTANE,  AIR  AND  2H0RtM>-l-CHLORO-l,l-- 

DttUJ  CROFKCFAME 
(Total  Pressure  *  40u  mm.  Hg) 


Pradsure. 

am.  He. 

Volume.  4 

Q-G'I’Hl  m 

C-Ji^BrClF-. 

.  CiHiBrClFo 

Result 

10 .0 

2C.0 

2.5 

5.0 

4- 

14.0 

16.0 

3.5 

4,0 

* 

12 .0 

20.0 

3.0 

5.0 

- 

8.0 

24.0 

2.0 

6.0 

♦ 

10 .0 

22.0 

2.5 

5.5 

i 

10.0 

24.0 

2.5 

6.0 

. 

8.0 

25.0 

2.0 

6.3 

• 

4.0 

20.0 

1.0 

5.0 

t 

4.0 

24.0 

1.0 

6.0 

+- 

6.0 

?!j  .0 

1.5 

6.3 

+ 

6.0 

26.0 

1.5 

6.5 

- 

3.0 

24.0 

0.8 

6.0 

- 

4  *0 

25.0 

1.0 

6.3 

- 

3.0 

16.0 

0.8 

4.0 

- 

13.0 

16.0 

3.3 

4.0 

♦ 

4.0 

10.0 

1.0 

2.5 

18.0 

P.0 

4.5 

2.0 

- 

16.0 

8.0 

4.0 

2.0 

4* 

3.0 

10.0 

0.8 

2.5 

• 

2.0 

4.0 

0.5 

1.0 

- 
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Table  16 


FLAMMABILITY  OF  MIXTURES  OF  n-HEPIANE,  AIR  AND 
DIBROMOFLjORGMETHaNE 
(Total  Pressure  -  400  mm,  Hg) 


Pressure. 

mm.  Hk 

_ Volume  i _ 

Result 

C*>Hi  a 

CHBr^F 

C7Ij,lfl 

CHBr2F 

12 

20 

3.0 

5.0 

♦ 

6 

12 

1.5 

3.0 

- 

12 

28 

3.0 

7.0 

- 

12 

24 

3.0 

6.0 

• 

8 

12 

2.0 

3.0 

- 

12 

23 

3.0 

5.75 

♦ 

10 

12 

2.5 

3.0 

♦ 

1C 

24 

2.5 

6.0 

- 

28 

12 

7.0 

3.0 

- 

14 

24 

3.5 

6.0 

- 

20 

12 

5.0 

3.0 

- 

10 

22 

2.5 

5.5 

- 

16 

12 

4.0 

3.0 

♦ 

14 

22 

3.5 

5.5 

♦ 

18 

12 

4.5 

3.0 

4* 

13 

24 

3.25 

6.0 

♦ 

13 

25 

3.25 

6.25 

♦ 

16 

22 

4.0 

5.5 

- 

13 

26 

3.25 

6.5 

- 

Table  iV 


151. 


FLAMMABILITY  OF  MIXTURES  OF  n-HEPT.JJE,  AIR,  *ND  1,2-DIEROMO- 

1 , 1-DI FLUQROETHnNE 
(Total  Pressure  »  400  am.*  Hgj 


l-.Caika 

CBrFaCHaBr 

Result 

1.0 

5.0 

- 

4.0 

4.C 

♦ 

1.0 

2.0 

- 

4.0 

5.0 

■f 

2.0 

5.5 

- 

4.0 

6.0 

- 

2.0 

5.0 

+ 

5.5 

2.0 

- 

2.0 

6.0 

- 

3.0 

6.5 

♦ 

5.0 

•1.0 

- 

3.0 

7.0 

- 

2.5 

6.5 

- 

3.5 

6.5 

- 

\ 
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Ttblc  16 

FUAfllABILITy  OK  MIXTURES  OK  n-HEPl&NE,  AIR  AND  2-BROMO-l,l,l- 

IRIKLUCRCETHANE 
{Total  Pressure  ■  400  on.  Hg) 


Pressure. 

mm.  H» 

* 

Result 

CFiCHoBr 

n-CiHi  * 

CFtCHoBr 

29.0 

6.0 

7.3 

1.5 

♦ 

29.0 

7.0 

7.3 

1.8 

- 

27.0 

10.0 

6.8 

2.5 

♦ 

28.0 

10.0 

7.0 

2.5 

- 

26.0 

12.0 

6.5 

3.0 

- 

25.0 

12.0 

6.3 

3.0 

♦ 

25.0 

14.0 

6.3 

3.5 

♦ 

22.0 

18.0 

5.5 

4.5 

- 

21.0 

18.0 

4.3 

4.5 

* 

19.0 

22.0 

4.8 

5.5 

- 

18.0 

22.0 

4.5 

5.5 

♦ 

16.0 

26.0 

4.0 

6.5 

♦ 

11.0 

26.0 

2.8 

6.5 

♦ 

13.0 

27.0 

3.3 

6.8 

- 

10.0 

22.0 

2.5 

5.5 

♦ 

9.0 

18.0 

2.3 

4.5 

- 

9.0 

18.0 

2.3 

4.5 

- 

9.0 

10.0 

2.3 

2.5 

- 

10,0 

10.0 

2.5 

2.5 

♦ 

9.0 

6.0 

2.3 

1.5 

- 

8.0 

4.0 

2.0 

1.0 

- 

9.0 

4.0 

2.3 

1.0 

+ 
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Table  19 


TLAJAffaBILIT?  OF  MUTCHES  OF  a-HEFtiME,  .JR  .J©  IT2LFHJCRGETHTL' 


Pressure,  nun.  Ka 

CYCLOHEXANE 

Volume 

.  * 

Result 

Total 

H-C-rEUe 

ffftffn, Caffs 

5.0 

5.0 

500 

1.0 

i.O 

- 

30.0 

5.0 

500 

6.0 

1.0 

♦ 

6.0 

5.0 

499 

1.2 

1.0 

♦ 

31 .0 

5.0 

500 

6.2 

1.0 

t 

5.0 

10.0 

499 

1.0 

2.0 

♦ 

4.0 

10.0 

499 

0.8 

2.0 

- 

5.0 

15.0 

501 

1.0 

3.0 

4.0 

15.0 

502 

0.8 

3.0 

- 

24.0 

6.0 

401 

6.0 

2.0 

♦ 

6.0 

20.0 

503 

1.2 

4.0 

- 

25.0 

8.0 

401 

6.2 

2.0 

- 

7.L 

20.0 

50C 

1.4 

4.0 

4- 

24.0 

12.0 

401 

6.0 

3.0 

- 

10.0 

25,0 

503 

2.0 

5.0 

- 

23.0 

12.0 

400 

5.8 

3.0 

4- 

11.0 

25.0 

501 

2.2 

5.0 

4* 

22.0 

16.0 

399 

5.5 

4,0 

- 

10.0 

24  *0 

40C 

2.5 

6.0 

- 

21.0 

16.0 

399 

5.3 

4.0 

♦ 

11.0 

24.0 

401 

2.7 

6.0 

4- 

18.0 

18.0 

349 

5.2 

5.2 

- 

9.0 

21.0 

300 

3.0 

7.0 

- 

16.0 

17.0 

340 

4.7 

5.0 

- 

15.0 

17,0 

340 

4.4 

5.0 

9,0 

20.0 

300 

3.0 

6.7 

♦ 

12.0 

18.0 

300 

4.0 

6.0 

4- 

10.0 

20.0 

300 

3.3 

6.7 

13.0 

18.0 

300 

4.3 

6.0 

- 

11.0 

20.0 

300 

3.7 

6.7 

12.0 

21.0 

310 

3.9 

6.8 

- 

154 


Table  20 

OF  MIXTURES  OF  n-HEFTANE,  AIR  AM  FERFLUCBO-1  3- 
DIMETHYL  CYCLOHEX.  JIE  * 

(Ttotal  Pressure  "  400  m«,  Hg) 


- Etfi&gure,  m,  fa 


- - Volume,  t  _ _ 

SrfiiQte  CtF-iq/c^i^ 


fiosult 
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Table  jsl 


FLAJftCABILITY  OF  MIXTURES  OF  n-IZFIVJffi,  AIR  ,\ND  IBRFL(JCR0-1,4- 

DDSSTHYLCYCLOHEXrtNE 


Volume  t 


C-»H1  a 

Sag  ijCFila 

laial 

a-ClHift 

CflftatCF. 

3.0 

6.0 

239 

1.0 

2.0 

20,0 

3.0 

300 

6.7 

1.0 

4.0 

6.0 

300 

1.3 

2.0 

21.0 

3.0 

300 

7.0 

1.0 

4.0 

12.0 

300 

1.3 

4.0 

17.0 

9.0 

3G£ 

5.6 

3.0 

5.0 

12.0 

299 

1.7 

4.0 

1B.0 

9.0 

300 

6,0 

3.0 

7.0 

15.0 

300 

2.3 

5.0 

13.0 

15,0 

300 

4.3 

5.0 

6.0 

15.0 

300 

2.0 

5.0 

14.0 

15.0 

302 

4.6 

5.0 

5.0 

15.0 

300 

1.7 

5.0 

15.0 

15.0 

299 

5.0 

5.0 

7.0 

18.0 

301 

2.3 

6.0 

16.0 

15.0 

300 

5.3 

5.0 

8.0 

18,0 

301 

2.7 

6.0 

13.0 

6.0 

300 

6,3 

2.0 

11,0 

21.0 

300 

3.7 

7.0 

18  .C 

6.0 

300 

6.0 

2.0 

11.0 

20.0 

303 

3.6 

6.6 

14  .0 

19.0 

300 

4.7 

6.3 

9.0 

20.0 

302 

3.0 

6.6 

13.0 

19.0 

299 

4.3 

6.3 

9.0 

21.0 

307 

2.9 

6.8 

16.0 

12.0 

300 

5.3 

4.0 

5.0 

5.0 

499 

1.0 

'  1.0 

15.0 

12.0 

300 

5.0 

4.0 

6.0 

5.0 

499 

1.2 

1.0 

13.0 

18.0 

30u 

4.3 

6.0 

15.0 

17.0 

299 

5.0 

5.7 

29.0 

401 

7.2 

0.0 

15.0 

17.0 

305 

4.9 

5.6 

30.0 

c.o 

405 

7.4 

0,0 

Heisult 

* 


♦ 

♦ 

♦ 

♦ 


♦ 


♦ 

♦ 

♦ 


♦ 

* 

♦ 


♦ 


156. 

Ttable  ng 

PLACABILITY  OF  MIXTURES  OF  N-HEPTANE,  AIR  AND  UUIUJCfiO- 

IODOUETHANE 

(Total  Pressure  »  400  am.  Hg.) 


12.0 

20,0 

12.0 

28.0 

12.0 

24.0 

12.0 

26.  0 

10.0 

26.0 

14.0 

26.0 

1C.0 

28.0 

16.0 

20.0 

8.0 

26.0 

8.0 

20.0 

20.0 

20.0 

6.0 

20.0 

24.0 

20,0 

6.0 

24.0 

22.0 

20.0 

14.0 

24.0 

18.0 

24.0 

3.0 

3.0 

3.0 

3.0 

2.5 

3.5 

2.5 
4.0 
2.0 
2.0 
5.0 

1.5 
6.0 
2.0 

5.5 

3.5 

4.5 


5.0 

7.0 

6.0 

6.5 

6.5 

6.5 

7.0 

5.0 

6.5 

5.0 

5.0 

5.0 

5.0 

6.0 

5.0 

6.0 

6.0 


flesult 

♦ 

4* 

4* 

4- 

4- 

♦ 


♦ 

♦ 

♦ 


157. 


la bio  Zi 

FLAMMABILITY  OF  MIXTOWSS  OF  n-HETOJE,  AIR  AND  1-BRCM0-2-CHLQR0- 

traj* 


Pressure.  an.  Kg  Voluae  * 


CH.ClCH.Br 

n-C<iKt . 

Total 

CH.CICH.Rr 

6.0 

4.0 

353 

1.7 

1.1 

6.C 

2C.0 

30C 

2.0 

6.7 

6.0 

3.0 

300 

2.0 

1.0 

6.0 

19.0 

300 

2.0 

6.3 

12.0 

3.0 

300 

4.0 

1.0 

6.0 

1S.0 

300 

2.0 

6.0 

12.0 

* 

300 

4.0, 

1.3 

6.0 

lfi.o 

300 

2.0 

5.3 

16.0 

4.0 

300 

6.0 

1.3 

6.0 

14.0 

310 

1.9 

4.5 

18.0 

3.0 

300 

6.0 

1.0 

6.0 

15.0 

299 

2.0 

5.0 

21.0 

4.0 

300 

7.0 

1.3 

12.  C 

11.0 

301 

4.0 

3.7 

12.0 

10.0 

299 

4.0 

3.3 

21.0 

5,0 

301 

7.0 

1.7 

16.0 

8.0 

300 

6.0 

2.7 

23.0 

6,0 

301 

7.7 

2.0 

lb.- 

7.1, 

6.0 

2.3 

2Si 

6.0 

300 

7.3 

2.0 

21.0 

7.0 

300 

7.0 

2.3 

21.0 

6.0 

300 

7.0 

2.0 

22.0 

5.0 

300 

7.5 

1.7 

3.0 

17.0 

300 

1.0 

5.7 

3.0 

18.0 

300 

1.0 

6.0 

Result 

♦ 


♦ 


■f 


♦ 

♦ 


4- 
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Table  24 

FLAMMABILITY  OF  MIXTURES  OF  n-HEPTAKE,  AIR  **ND  2-ERGM0-1- 

chlgro-i  ,  i-Dimj®orrHwffi 


Pressure 

.  nun.  Ik 

(Total  Pressure  *  400  sun*  Hg) 

_ ¥olmae  f _ 

Result 

C?H1S 

CClFjjCHgRr 

C7Hie 

CClFjjCHaBr 

8 

8 

2.0 

2.0 

♦ 

a 

12 

2.0 

3,0 

♦ 

12 

8 

3.0 

2.0 

♦ 

8 

16 

2.0 

4.0 

- 

8 

SO 

2.0 

5.0 

* 

12 

16 

3.0 

4.0 

* 

12 

20 

3*0 

5.0 

♦ 

12 

24 

3.0 

6.0 

♦ 

12 

28 

3.0 

?.u 

♦ 

12 

56 

3.0 

9.0 

- 

12 

44 

3.0 

11.0 

- 

12 

32 

3.0 

8.0 

- 

16 

28 

4.0 

7.0 

- 

12 

30 

3.0 

7.5 

- 

16 

24 

4.0 

6.0 

♦ 

14 

30 

3.5 

7.5 

- 

20 

20 

5.0 

5.0 

«• 

14 

28 

3.5 

7,0 

- 

\ 
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Table  25 

FLAMMABILITY  OF  MIXTURES  OF  n-HEPT*NE,  AIR  «ND  PERIlUCROIOTHYL- 
CYCLCHEXANE 


M.  _  VoUm*  * 


c,f..cf. 

Result 

27.0 

15.0 

501 

5.4 

3.0 

4 

28*0 

15.0 

500 

5.6 

3»w 

* 

6.0 

20.0 

502 

1.2 

4.0 

- 

7.0 

20.0 

500 

1.4 

4.0 

♦ 

12.0 

35.0 

500 

2.4 

7.0 

- 

13.0 

35.0 

499 

2.6 

7.0 

4 

14.0 

38.0 

520 

2.7 

7.3 

4 

14.0 

38,0 

50  >j 

2.8 

7.6 

- 

14.0 

37.0 

500 

2.8 

7.4 

4 

11.0 

30.0 

500 

2.2 

6.0 

- 

12.0 

30.0 

50u 

2.4 

6.0 

4 

9.0 

25.0 

504 

1.8 

5.0 

4 

21.0 

30*</ 

500 

4.2 

6.0 

4 

8.C 

25.0 

498 

1.6 

5.0 

- 

12. C 

33.0 

500 

2  .4 

6.6 

4 

22 .0 

30. C 

500 

4.4 

6.0 

- 

19.0 

33.0 

488 

3.9 

6  .6 

4 

18 .0 

35.0 

505 

3.6 

6.9 

4 

19.0 

35.0 

495 

3.8 

7.1 

- 

16.0 

37.0 

499 

3.2 

7.4 

- 

16.0 

36.0 

502 

3.2 

7.2 

4 

5.0 

10.0 

500 

1.0 

2.0 

4 

4 .0 

10.C 

499 

0.8 

2.0 

- 

6 .0 

20 .0 

500 

1.2 

4.0 

- 

7.0 

20 . 0 

499 

1.4 

4.0 

4 

5.0 

15.0 

501 

1.0 

3.0 

- 

6.0 

15. C 

502 

1.2 

3.0 

4 

24.0 

24  .C 

5X 

4.8 

4.8 

- 

23.0 

24.0 

50C 

4.6 

4.8 

4 

5.0 

5.0 

500 

1.0 

1.0 

4 

4.0 

5.C 

501 

0.8 

1.0 

- 

1 
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Table  26 

ITJUQ(ABILITY  OF  MIXTURES  OF  n-HEPTANE,  Ala.  AND  n-lttfU/ORO- 

HEPTANE 

(Tatol  Pressure  *  400  aa.  Kg} 


4.0 

12.0 

12.0 

16.0 

24.0 

26.0 

24.0 

16.0 

8.0 

8.0 

4.0 

4.0 


fcfafoa  AtCt  fi.a 


Raaulfr 


4- 
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Te'le  27 


FLAMMABILITY  CF  MIXTURES  OF  n-HEPT,Jffif  AIR  AND  BROMOCHLCRO- 

METHAHE 


Pressure,  mm.  Hg _  Volr’ie  # 


n-C-»H1  a 

CH,BrCl 

Total 

a 

OKoBrCl 

Rest  lit 

9.0 

20,0 

499 

1.8 

4.0 

10.0 

2o 

501 

2.0 

4.0 

+ 

11 .0 

:>l.- 

498 

2.2 

7.0 

1 0  *  v 

35.0 

507 

2.0 

6.9 

- 

23.0 

15.0 

505 

4.6 

3.0 

- 

22.0 

15.0 

502 

4.4 

3.0 

4* 

18.0 

25,0 

5oQ 

3.6 

5.0 

♦ 

19.0 

25 .0 

497 

3.8 

5.0 

- 

14.0 

35.0 

496 

2.8 

7.1 

♦ 

15.0 

35.0 

495 

3.0 

7.1 

- 

13. C 

37.0 

512 

2.5 

7.2 

- 

12.0 

36.0 

502 

2.4 

7.2 

4* 

12  *0 

36.0 

498 

2.4 

7.6 

- 

12.0 

37.0 

505 

2.4 

7.3 

4- 

1C.0 

37,0 

492 

2.0 

7.5 

4- 

11.0 

38. C 

502 

2.2 

7.6 
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Table  28 


JVKMABILITT  OF  MIXTOEES  OF  N-HEPTANE,  HROMODIFUJORC- 
METHANE  AND  AIR 
(Total  Pressure  *  400  mm*  Hg) 


Pressure. 

nun.  Ha. 

Volume  % 

Results 

C7Hi6 

CHBrFg 

^le 

CHBx  ?2 

16.0 

32.0 

4.0 

8.0 

♦ 

12,0 

24,0 

3,0 

6.0 

♦ 

20.  C 

24 .0 

5.0 

6.0 

- 

16.0 

40.0 

4.0 

10.0 

- 

20.0 

16.0 

5.0 

4.0 

- 

16,0 

36.0 

4.0 

9.0 

- 

12.0 

32 .0 

3,0 

8.0 

- 

8.0 

24.0 

2.0 

6.0 

- 

20,0 

8.0 

5.0 

2.0 

- 

12.0 

28.0 

3.0 

7.0 

- 

8.C 

8.0 

2.0 

2.0 

♦ 

20.0 

32.0 

5.0 

8.0 

- 

20.0 

.. .  w 

5.0 

1.0 

+ 

52.0 

0,0 

8.0 

0.0 

- 
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Table  29 

JUJMABILITY  OF  MIXTURES  07  n-HEPT^NE,  aIR  aND  1,1,2~TRICHLCR0- 

FLUOROETH/lNE 


Pressure.  ma.  He  _ Volume  % 


C»C1*F* 

Total 

C^Cl^Fa 

Result 

5.0 

5,0 

500 

1.0 

l  0 

6.0 

5,0 

500 

1.2 

1.0 

4 

5.0 

1C.0 

500 

1.0 

2.0 

- 

6.0 

10.0 

499 

1.2 

2.0 

- 

6.C 

10.0 

500 

1,2 

2.0 

- 

7.0 

10.0 

500 

1.4 

2.0 

4 

7,0 

15.0 

499 

1.4 

3.0 

- 

B.O 

20.0 

500 

1.6 

4.0 

Blew  off 
safety  cap 

28.0 

£.0 

409 

6.9 

0.5 

4 

28.0 

4.0 

399 

7,0 

1.0 

- 

27,0 

4.0 

400 

6.7 

l.C 

4 

27,0 

8.0 

400 

6.7 

2.0 

* 

26.0 

8.0 

400 

6.5 

2.0 

4* 

26.0 

12.0 

399 

6.5 

3.0 

4 

27.0 

12.0 

401 

6.8 

3.0 

- 

26.0 

16.0 

400 

6.5 

4.0 

- 

25,0 

16.0 

404 

6.2 

4.0 

- 

24.0 

16.0 

401 

6.0 

4.0 

4 

6.0 

16.0 

399 

1.5 

4.0 

4 

22.0 

20.0 

400 

5.5 

5.0 

4 

6  *C 

2u » — 

'.00 

1.5 

5.0 

- 

23.0 

20.0 

401 

5.7 

5.0 

- 

7.0 

21.0 

400 

1.7 

5.2 

- 

5.0 

16.0 

400 

1.3 

4.0 

- 

20.0 

24.0 

400 

5.0 

6.0 

4 

8.0 

20.0 

399 

2.0 

5.0 

4 

10.0 

24.0 

403 

2.5 

6.0 

4 

81.0 

24.0 

399 

5.2 

6.0 

- 

9.0 

25.0 

400 

2,3 

6.2 

4 

17,0 

28.0 

400 

4.3 

7.0 

4 

8.0 

24.0 

400 

2.0 

6.0 

- 

18.0 

28.0 

400 

4.5 

7.0 

4 

10.0 

28.0 

400 

2.5 

7.0 

4 

9.0 

28.0 

400 

4.7 

7.0 

4 

19.0 

28.0 

401 

2.2 

7.0 

4 

8.0 

28.0 

400 

2.0 

7.0 

- 

21.0 

28.  C 

400 

5.2 

7.0 

- 

12.0 

32.0 

401 

3.0 

8.0 

4 

16,0 

32,0 

4C0 

4.0 

8.0 

4 

12.0 

34.0 

400 

3.0 

8.5 

- 

16.0 

34.0 

399 

4.0 

8.5 

♦ 

16.0 

36.0 

401 

4.0 

9.0 

4 

10. c 

31.0 

399 

2.5 

7.7 

4 
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Table  29  (continued) 


Pressure,  nun.  He _  _ Volwno  £ 


fclMu 

£*ci,r. 

Total 

Result 

16.0 

38.0 

400 

4.0 

9.5 

10.0 

32.0 

400 

2.5 

8.0 

_ 

20. C 

32,0 

407 

4.9 

7.9 

_ 

12.0 

33,0 

406 

3.0 

8.1 

* 

19.0 

32,0 

400 

4.7 

8.0 

_ 

12.0 

33aC 

401 

3.0 

8.3 

♦ 

18.0 

32.0 

400 

4.5 

8.0 

♦ 

16.0 

37.0 

406 

4.C 

2.3 

17.0 

25.0 

400 

4.3 

8.8 

20.0 

28.0 

400 

5.0 

7.0 

_ 

18.0 

28.0 

400 

4.5 

7.0 

♦ 

18.0 

35.0 

411 

4.4 

8.5 

_ 

19.0 

28.0 

400 

4.8 

7.0 

♦ 

14.0 

35.0 

400 

3.5 

c  .8 

20.0 

28.0 

399 

5.0 

7.5 

_ 

14.0 

34.0 

400 

3.5 

8.5 

- 
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Table  30 

FL-JiM.  .BILITY  OF  MIXIURES  OF  n-HEPT..NE,  ,JR  ERC4I0CHL0R0- 

OZFLOOROKETHrJlE 
(To ttil  Pressure  *  4oG  no.  Hg) 


Pressure. 

ftp 

Volume  t 

Rosult 

np7Hlft- 

CBrCIFfi 

JoSia. 

CBrClI-. 

8 

24 

2.0 

6.0 

♦ 

20 

5.0 

6.0 

♦ 

8 

32 

2.0 

8.0 

- 

12 

28 

3.0 

7.0 

4- 

4 

24 

1.0 

6.0 

- 

8 

28 

2.0 

7.0 

+ 

6 

24 

1.5 

6.0 

- 

12 

32 

3.0 

8.0 

♦ 

8 

30 

2.0 

7.5 

- 

14 

34 

3.5 

8.5 

- 

12 

36 

3.0 

9.0 

♦ 

16 

32 

4.0 

8.0 

- 

10 

34 

2.5 

8.5 

• 

12 

38 

3.0 

9.5 

• 

18 

34 

4.5 

8.5 

- 

14 

34 

3.5 

8.5 

- 

20 

28 

5.C 

7.0 

- 

6 

12 

1.5 

3.0 

4 


I 
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Table  3i 


FLAMMABILITY  OF  MIXTURES  OF  N-HEPIhNE,  AIR,  AND  HYDROGEN 

BROMIDE 

(Total  Pressure  n  400  mm,  Hg.) 


aa.  Ha. 

Volume  % 

Result 

c7h16 

HEr 

C7H16 

HBr 

16.0 

40.0 

4.0 

10.0 

• 

24.0 

40.0 

6.0 

10.0 

- 

16.0 

20.0 

4.0 

5.0 

♦ 

£4.0 

20.0 

6.0 

Vi 

16.0 

28.0 

4.0 

7.0 

♦ 

£0.0 

20.0 

5.0 

5.0 

- 

16.0 

32.0 

4.0 

8.0 

- 

8.0 

20. C 

2.0 

5.0 

- 

16,0 

36.0 

4.0 

9.0 

♦ 

12.0 

20.0 

3.0 

5.0 

♦ 

12.0 

38.0 

3.0 

9.5 

- 

20.0 

36.0 

5.0 

9.0 

- 

16.0 

36.0 

4.0 

9.5 

-* 

12.0 

36.0 

3.0 

9.0 

* 

24.0 

4.0 

6.0 

1.0 

tm 

8.0 

8.0 

2.0 

2.0 

♦ 

*K  S  nt<- 
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Table  32 


FLAJAIABIUTY  OF  MIXTURE?  OF  n-HEFTUC,  AIR  AND  METHYL  BROMIDE 


.Iiiflg.auaA.jaBA  .fie 


Volume  £ 


CH.ftr 

Tot^i 

o-C?H. « 

CH-.Br 

6.0 

20.0 

496 

1.2 

4.0 

7.0 

20.0 

506 

1.4 

3.9 

♦ 

6.0 

40.0 

500 

1.2 

8.0 

- 

7.0 

40.0 

500 

1.4 

8.0 

* 

10. C 

43.0 

500 

2.0 

8.6 

♦ 

10.0 

44.0 

501 

2.0 

8.8 

- 

15.0 

27.0 

500 

3.0 

5.4 

♦ 

15.0 

30.0 

499 

3.0 

6.0 

- 

17.0 

25.0 

500 

3.4 

5.0 

- 

16.0 

25.0 

504 

3.2 

5.0 

♦ 

13.0 

35.0 

498 

2.6 

7.0 

- 

12.0 

35.0 

500 

2.4 

7.0 

♦ 

11.0 

40.0 

501 

2.2 

8,0 

- 

10.0 

40.0 

501 

2.0 

8.0 

•f 

8.0 

46.0 

501 

1.6 

9.2 

■f 

8.0 

47.0 

499 

1.6 

9.4 

- 

7.0 

48.0 

501 

1.4 

9.6 

♦ 

7.0 

49.0 

500 

1.4 

9.8 

- 

25.0 

9.0 

503 

5.0 

1.8 

♦ 

26.0 

9.0 

503 

5.2 

1.6 

- 
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Table  33 

FLAMMABILITY  OF  MIXTURES  OF  N-HEFIANE,  AIR  AND  DIFLUQRO- 
VTNYL  BROMIDE 

(Total  Pressure  ■  400  mm.  Hg.J 


Pregeure. 

m.  Hr. 

_ Volume  % 

Result 

CF2-CHBr 

CTj.-CHBr 

6.0 

24.0 

2.0 

6.0 

* 

20.0 

24.0 

5.0 

6.0 

- 

4.0 

24.0 

1.0 

6.0 

- 

16.0 

2  a  .0 

4.0 

6.0 

-a 

4.0 

36.0 

1.0 

9.0 

- 

12.0 

£4.0 

3.0 

6.0 

♦ 

0.0 

28.0 

2.0 

?.o 

♦ 

10.0 

32.0 

2.5 

8.0 

♦ 

12.0 

26.0 

3.0 

7.0 

♦ 

10.0 

36.0 

2.5 

90 

♦ 

10.0 

40.0 

2.5 

10.0 

- 

10.0 

38.0 

2.5 

9.5 

♦ 

12.0 

38.0 

3.0 

•43.5 

- 

8.0 

38.0 

2.0 

9.5 

• 

20.0 

10.0 

5.0 

2.5 

- 

20.0 

14.0 

5.0 

3.5 

- 

20.0 

6.0 

5.0 

1.5 

- 

Table  34 
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FLAMMABILITY  OF  MIXTURES  OF  n-HEFTANE ,  AIR  AND  FERITUCfiQBUTANE 


_ Pressure.  an. 

Hit 

_ Voluae  i  _ 

■ttlCaHn 

Total 

Result 

30.0 

4.0 

400 

7.5 

1.0 

23  .0 

4.0 

400 

7.2 

1.0 

♦ 

29.0 

8.0 

400 

7.2 

2.0 

- 

28.0 

8.0 

400 

7.0 

2.0 

24.0 

16.0 

400 

6.0 

4.0 

- 

23.0 

16.0 

401 

5.7 

4.0 

4- 

20.0 

23.0 

400 

5.0 

5.7 

♦ 

21.0 

24.0 

402 

5.2 

6.0 

- 

20.0 

29.0 

400 

5.0 

7.2 

- 

19.0 

29.0 

400 

4.7 

7.2 

17.0 

35.0 

402 

4.2 

3.7 

- 

13.0 

34.0 

400 

4 .2 

8.5 

♦ 

13.0 

39.0 

400 

3.3 

9.7 

* 

5.0 

40.0 

400 

3.3 

10.0 

• 

4.0 

4.0 

400 

1.2 

1.0 

- 

4.0 

4.0 

401 

1.0 

1.0 

4- 

4.0 

12.0 

398 

1.0 

3.0 

♦ 

5.0 

12.0 

400 

1.2 

3.0 

- 

5.0 

20.0 

400 

1.2 

5.0 

♦ 

6.0 

20.0 

399 

1.5 

5.0 

- 

7.0 

26.0 

400 

1.7 

6  .5 

♦ 

8.0 

26.0 

400 

2.0 

6.5 

- 

8.0 

31.0 

400 

2.0 

7.7 

♦ 

9.0 

31.0 

400 

2.2 

7.7 

- 

11.0 

35.0 

401 

2.7 

8.7 

♦ 

11.0 

36.0 

400 

2.7 

9.0 

Table  35 
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FLA1MAB1LITY  OF  MIXTURES  07  n-KEnWI,  AIR  AND  SILICON 

TETRACHLORIDE 

(Total  Pressure  ■  400  m,  H^) 


Presoure. 

m.  ita 

_ Volume  * _ 

Result 

C7H1  a 

lic14 

SiCl4 

16 

32 

4.0 

8.0 

* 

12 

24 

3.0 

6.0 

♦ 

20 

24 

5.0 

6.0 

♦  1 

16 

34 

4.0 

8.5 

♦ 

10 

24 

2.5 

6.0 

- 

12 

36 

3.0 

9.0 

«■  { 

14 

36 

3.5 

9.0 

♦  i 

16 

36 

4.0 

9.0 

- 

14 

38 

3,5 

9.5 

- 

12 

38 

3.0 

9.5 

♦ 

12 

40 

3.0 

10.0 

t 

10 

40 

2.5 

10.0 

- 

10 

38 

2.5 

9.5 

_  ! 

i?i 


Tabla 

36 

yiAMUBILITT  OF  ICXIVRIS  OF 

n-HEPIANE, 

AIR,  AND  1,2-DIBROMO- 

-2-CHLCR0-1 . 

1-D1 FUJCRQETOANE 

{Total  Proa aura 

■  400  aa. 

h«) 

rF.CBrCIF 

Result 

2.0 

4.0 

♦ 

2.0 

5.0 

* 

2.0 

6.0 

4* 

2.0 

7.0 

¥ 

2.0 

e.o 

♦ 

2.0 

9.0 

2.5 

9.0 

3.0 

9.0 

¥ 

3.0 

9.5 

3.5 

9,0 

♦ 

4.0 

9.3 

♦ 

3.5 

9.5 

* 

3.5 

10,0 

♦ 

4.0 

10.0 

4,5 

9.0 

♦ 

1.5 

8.0 

5.0 

9.0 

♦ 

1.5 

5.0 

5.5 

9.0 

3.5 

10.0 

¥ 

3.5 

10.5 

¥ 

3.5 

11,0 
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Table  3? 

FL  JIM  ABILITY  OF  MIXTURES  OF  D-HKPT  INK,  AIR  AMD 
1,2-DICHLORCTmAFLUORDETHttffi  (.FREOH  1  U> 
(Total  Pressure  =  4CO  am,  Hg) 


Pressure.  n.  Hg  Volume  i.  Result 


C7H16 

CClF2CClFa 

C7H16 

CClFiCClFi 

8 

4 

2.0 

1.0 

4 

10 

8 

2.5 

2.0 

4 

6 

8 

1.5 

2.0 

m 

8 

12 

2.0 

3.0 

4 

8 

8 

2.0 

2.0 

f 

6 

12 

1.5 

3.0 

• 

8 

16 

2.0 

4.0 

4 

8 

20 

2.0 

5.0 

- 

8 

24 

2,0 

6.0 

- 

10 

20 

2.5 

5.0 

. 

10 

26 

2.5 

6.5 

. 

12 

20 

3.0 

5.0 

4 

14 

24 

3.5 

6.0 

4 

12 

29 

3.0 

7.25 

4 

20 

24 

5.0 

6.0 

4 

12 

36 

3.0 

9.0 

4 

16 

32 

4.0 

8.0 

4 

12 

40 

3.0 

10.0 

4 

20 

32 

5.0 

8.0 

4 

12 

a 

3.0 

11.0 

12 

42 

3.0 

10.5 

4 

20 

32 

5.0 

8.0 

4 

14 

42 

3.5 

10.5 

— 

10 

42 

2.5 

10.5 

- 

24 

32 

6.0 

8.C 

- 

12 

41 

3.0 

10.25 

4 

22 

32 

5.5 

8.0 

4 

24 

22 

6.0 

5,5 

4 

26 

22 

7.0 

5.5 

- 
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Table  3d 


FLAMM 1BILITT  OF  MIXTURES  OF  n-HEPTANE,  HR  AND  CARBON  TETRACHLORIDE 


Pressure,  am. 

Hk 

Volume  i. 

cc U 

Total 

CCH 

Result 

7.0 

20.0 

493 

1.4 

4.1 

♦ 

6.0 

20.0 

522 

1.2 

3.8 

- 

8.0 

30.0 

517 

1.5 

5.8 

- 

7.0 

30.0 

517 

1.4 

5.8 

+ 

13.0 

50.0 

531 

2.4 

9.4 

- 

14.0 

50.0 

536 

2.6 

9.3 

+ 

13.0 

46.0 

409 

3.2 

11.2 

+ 

13.0 

47.0 

406 

3.2 

11.6 

m 

21.0 

45.0 

468 

4.5 

9.6 

- 

20.0 

45.0 

492 

4.1 

9.2 

+ 

29.0 

20.0 

506 

5.7 

3.9 

+ 

30.0 

20.0 

509 

5.9 

3.9 

- 
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Table  39 


FUMM\BIL1TT  OF  MIXTURES  OF  n-NEPTANEf  HR  AND  2-CHLCRO-l.l.l-TRI- 

fluoroprgpane 

(Total  Pressure  <=  400  bb.  Hg) 


_ Prgaaure.  a,  Hg 

p^C,H<a  CF.CHC1CH. 


Volume.  < _ 

BsSagin  CFiCHClCHj  k.mlt 


22.0 

4.0 

2.0 

12.0 

14.0 

3.0 

6.0 

4.0 

0.0 

6.0 

4.0 

6.0 

0.0 

6.0 

4.0 

0.0 

7.0 

0.0 

0.0 

3.0 

1.0 

21.0 


16.0 

16.0 

16.0 

32.0 

32.0 

40.0 

40.0 

44.0 

32.0 

44.0 

48.0 

46.0 

42.0 

47.0 

47.0 

28.0 

44.0 

29.0 

43.0 

44.0 

24.0 

16.0 


5.5 

4.0 

1.0 

4.0 

♦ 

0.5 

4.0 

m 

3.0 

8.0 

♦ 

3.5 

8.0 

m 

2.0 

10.0 

1.5 

10.0 

1.0 

11.0 

♦ 

•«0 

8.0 

m 

1.5 

11.0 

+ 

1.0 

12.0 

m 

1.5 

11.5 

♦ 

0.0 

10,5 

■f 

1.5 

11.8 

m 

1.0 

11.8 

+ 

0.0 

7.0 

1.8 

11.0 

• 

0.0 

7.3 

♦ 

0.0 

10.8 

0.8 

11.0 

0.3 

6.0 

♦ 

5.3 

4.0 

♦ 
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Table  4C 

FL1MMXBILITY  OP  MIXTURES  OF  n-NEPTlNE,  AIR  IND  2-CHLORO-l,l,l-TRI- 

FLUOROPROP ARE 

(Total  Pressure  =  4CO  an,  Hg) 


Pressure 

.  M.  Hg 

Voluae  i 

Sr:£afl&6 

bSjSJIs 

Pr£  aHxft 

C,H4CiF, 

Result 

22,0 

12.0 

55.5 

3.0 

* 

21,0 

12.0 

5.3 

3.0 

14.0 

28.0 

3.5 

7.0 

- 

13.0 

28.0 

3.3 

7.0 

+ 

4.0 

44.0 

1.0 

11.0 

+ 

16.0 

20.0 

4.0 

5.0 

+ 

1.0 

36.0 

0.3 

9.0 

+ 

0.0 

36.0 

0.0 

9.0 

- 

17.0 

20.0 

4.3 

5.0 

- 

0.0 

40.0 

0,0 

10.0 

4.0 

48.0 

1.0 

12.0 

- 

1.0 

44.0 

0.3 

11.0 

m 

2,0 

48.0 

0.5 

12.0 

«► 

4.0 

46.0 

1.0 

11.5 

- 

2.0 

49.0 

0.5 

12.3 

- 

3.0 

46.0 

0.8 

11.5 

1.0 

48.0 

0.3 

12.0 

- 

3.0 

48.0 

0.8 

12.0 

+ 

3.0 

49.0 

0.8 

12.3 

- 

1.0 

28.0 

0.3 

7.0 

- 

3.0 

20.0 

0.8 

5.0 

4* 

2.0 

28.0 

0.5 

7.0 

♦ 

2.0 

20,0 

0.5 

5.0 

m 

10.0 

36,0 

2.5 

9.0 

- 

9.0 

36.0 

2.3 

9.0 

•f 

i 


1 
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Table  41 

FLAMMABILITY  OF  MIXTURES  OF  ivlEPT  1NE,  lift  AND  CKLOROTRIFLUORCMETtiANB 

(FREON  13) 

(Total  Pressure  *»  4CO  mm,  Hg) 


Pressure .  m.  Hg  Voluae  £ 


CC1F, 

n>CoHi« 

CCtf* 

12.0 

48.0 

3.0 

12.0 

14.0 

48.0 

3.5 

12.0 

- 

12.0 

50.0 

3.0 

12.5 

- 

14.0 

44,0 

3.5 

11.0 

♦ 

10.0 

40.0 

2.5 

10.0 

- 

20.0 

24.0 

5.0 

6.0 

♦ 

21.0 

24.0 

5.3 

6.0 

- 

11.0 

48.0 

2.8 

12,0 

m 

13.0 

48.0 

3.3 

12,0 

* 

13.0 

50.0 

3.3 

12,5 

- 

7.0 

24.0 

1.8 

6.0 

♦ 

6.0 

24.0 

1.5 

6.0 

♦ 

/ 
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Table  42 

FLJUH  ABILITY  OF  MIXTURES  OF  n-HEPTANE,  AIR  AND  HEXAFLUOROETH.ANS 
(Total  Pressure  =  4 00  on.  Hg) 


Pressure,  m.  Hg  _ Volume  i. 


Qj£& 

CaF« 

Result 

24.0 

20,0 

6.0 

5.0 

♦ 

6.0 

2.0 

1.5 

5.0 

- 

25.0 

20,0 

6.3 

5.0 

m 

7.0 

20.0 

1.8 

5.0 

+ 

8.0 

40.0 

2.0 

10.0 

- 

9.0 

40.0 

2.3 

10.0 

♦ 

10,0 

52.0 

2.5 

13.0 

- 

10,0 

48.0 

2.5 

12.0 

- 

16.0 

44.0 

4.0 

11.0 

■* 

11.0 

48.0 

2.8 

12.0 

♦ 

16.0 

40.0 

4.0 

10.0 

+ 

17,0 

40.0 

4.3 

10.0 

. 

14.0 

48.0 

3.5 

12.0 

4 

12.0 

54.0 

3.0 

13.0 

a* 

15.0 

48.0 

3.8 

12.0 

4 

14.0 

50.0 

3.5 

12.5 

- 

13.0 

52.0 

3.3 

13.0 

- 

12.0 

53.0 

3.0 

13.3 

4 

/ 

r 
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Table  43 

FLAW 'ABILITY  OF  MIXTURE!  OF  n- HEPTANE,  A  IP  AND  DICKLOEO  DIFLUOROIETHANE 

(FREON  12) 

(Total  Pressure  -  LOO  no,  He) 


Pressure, 

am.  Hk 

Volume. 

% 

UrglliA 

fiCl,F, 

BziaiuL 

CClsF-. 

Result 

6.0 

32.0 

1.5 

8.0 

4 

20.0 

32.0 

5.0 

8.0 

• 

6.0 

16.0 

1.5 

4.0 

4 

22.0 

16,0 

5.5 

4.0 

ee 

21.0 

16.0 

5.3 

4.0 

4 

19.0 

32.0 

4.8 

8.0 

4 

5.0 

16*0 

1.3 

4.0 

«. 

5.0 

32.0 

1.3 

8.0 

• 

18.0 

44.0 

4.5 

11.0 

4 

19.0 

44.0 

4.8 

11.0 

« 

12.0 

44.0 

3.0 

11.0 

4 

18.0 

52.0 

4.5 

13.0 

17.0 

52.0 

4.3 

13.0 

4 

14.0 

58.0 

3.5 

14.5 

4 

11.0 

44.0 

2.8 

31.0 

_ 

14.0 

59.0 

3.5 

14.' 

16.0 

58.0 

4.0 

14.5 

4 

18.0 

58.0 

4.5 

14.5 

• 

16,0 

60.0 

4.0 

15.0 

- 

10.0 

38.0 

2.5 

9.5 

4 

9.0 

38.0 

2.3 

9.5 

- 

17.0 

58.0 

4.3 

14.5 

4 
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Table  44 


PLACABILITY  OP  f'IXTURES  OP  n-HEPTANE,  AIR  AND 
CHLOROFORM” 

(Tot&l  Pressure  •  LOO  ran.  Hg) 


Pressure. 

.»♦  -HX 

Volume  $ 

C?H1a 

OTC13 

CWCI3 

Result 

6 

4 

2.0 

1.0 

‘8 

8 

2.0 

2.0 

♦ 

12 

4 

3.0 

1.0 

♦ 

8 

12 

2.0 

3.0 

♦ 

8 

16 

2.0 

4.0 

♦ 

8 

20 

2.0 

5.0 

• 

8 

24 

2.0 

6.0 

• 

12 

20 

3.0 

5.0 

♦ 

12 

48 

3.0 

12.0 

♦ 

12 

24 

3.0 

6.0 

♦ 

12 

52 

3.0 

13.0 

♦ 

16 

56 

4.0 

14.0 

12 

60 

3.0 

15.0 

♦ 

12 

68 

3.0 

17.0 

~ 

12 

72 

3.0 

18.0 

12 

64 

3.0 

16.0 

* 

16 

60 

4.0 

15.0 

♦ 

12 

66 

3.0 

16.5 

♦ 

16 

64 

4.0 

16.0 

♦ 

20 

60 

5.0 

15.0 

♦ 

24 

36 

6.0 

9.0 

+ 

14 

68 

3-5 

17.0 

♦ 

28 

68 

7.0 

9.0 

- 

H 

72 

3.5 

18.0 

- 

14 

70 

3.5 

17.5 

+ 

16 

68 

4.0 

17.0 

- 

20 

64 

5.0 

16.0 

- 

i 


! 
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Table  45 

PLAM4ABILXTY  OF  MIXTURES  OF  n-HEFIANE ,  AIR  AND  TRIFLUOBOMETHANE 

(FREON  23) 

(Total  Pressure  -  400  nm.  Hg) 


Pressure. 

mu.  He 

Volume  % 

CHF  •> 

n-C7Ht  * 

CHF, 

Result 

24.0 

16.0 

6.0 

4.0 

5.0 

24.0 

1.3 

6.0 

♦ 

4.0 

24.0 

1.0 

6.0 

- 

22.0 

16.0 

5.5 

4.0 

♦ 

6.0 

40.0 

1.5 

10.0 

♦ 

18.0 

4 0.0 

4.5 

10.0 

— 

4.0 

40.0 

1.0 

10.0 

• 

16.0 

40/} 

4.0 

10.0 

♦ 

14.0 

60.0 

3.5 

15.0 

- 

12.0 

60.0 

3.0 

15.0 

♦ 

6.0 

56.0 

1.5 

14.0 

♦ 

10.0 

68.0 

2.5 

17.0 

4 

8.0 

68.0 

2.0 

17.0 

4 

12.0 

68.0 

3.0 

17.0 

4 

6.0 

68.0 

1.5 

17.0 

10.0 

71/) 

2.5 

17.8 

_ 

12.0 

71.0 

3.0 

17.8 

4- 

8.0 

71.0 

2.0 

17.8 

— 

13.0 

68.0 

3.3 

17.0 

- 
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Table  46 

FUU4ABILITT  OF  HIXTURES  OF  n-HEFTANE,.  AIR  AND  CHLORO D1 FLUOROMETHANE 

(FREON  22) 

(Total  Pressure  ■  400  mm.  Hg) 


Pressure . 

■a.  Hk 

Volume 

n-C7Hi 

CHClFa 

H-CtHi a 

CHC1F, 

Resv 

24.0 

16.0 

6.0 

4.0 

4.0 

16.0 

1.0 

4.0 

-  4 

20.0 

28.0 

5.0 

7.0 

♦ 

3.0 

16.0 

0.6 

4.0 

— 

23.0 

16.0 

5.8 

4.0 

♦ 

4.0 

28.0 

1.0 

7.0 

♦ 

21.0 

28.0 

5.3 

7.0 

- 

18.0 

40.0 

4.5 

10.0 

♦ 

19.0 

40.0 

4*8 

10.0 

- 

4.0 

40.0 

1.0 

10.0 

♦ 

3.0 

28.0 

0.8 

7.0 

- 

3.0 

40.0 

0.8 

10.0 

- 

6.0 

60.0 

1.5 

15.0 

♦ 

5.0 

60.0 

1.3 

15.0 

- 

12.0 

66*0 

3.0 

16.5 

♦ 

13.0 

66.0 

3.3 

16.5 

- 

12.0 

68.0 

3.0 

17.0 

- 

10.0 

72.0 

2.5 

18.0 

- 

11.0 

70.0 

2.8 

17.5 

- 

10.0 

71.0 

2.5 

17.8 

♦ 

8.0 

70.0 

2,0 

17.5 

♦ 

16.0 

52.0 

4.0 

13.0 

- 

6.0 

68.0 

1.5 

17.0 

- 

7.0 

68.0 

1.6 

17.0 

4 

8.0 

71.0 

2.0 

17.8 

- 

4.0 

53.0 

1.0 

13.0 

- 

15.0 

52.0 

3.8 

13.0 

4 

5.0 

52  .0 

1.3 

13.0 

4 
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Table  47 

FLAMiABlLITY  OF  M1XTU5Z5  n-HEPTANE,  AIR  AND 
OCTAftL'CROCYCLOBOTANE  (PC- 318) 


Pressure. 

(Total  Pressure  ■  400  ran.  Hgj 

ran.  Hs  Volume  % 

Result 

Mu 

crHu 

is: 

8 

8 

2.0 

2.0 

♦ 

8 

12 

2.0 

3.0 

♦ 

6 

16 

2.0 

4.0 

8 

2C 

2.0 

5.0 

4 

8 

24 

2.0 

6,0 

4 

8 

28 

2.0 

7.0 

+ 

8 

32 

2.0 

8.0 

4 

8 

36 

2.0 

9.0 

4 

8 

40 

2.0 

10.0 

4 

8 

44 

2.0 

n.o 

4 

8 

48 

2.0 

12.0 

4 

8 

60 

2.0 

15.0 

♦ 

8 

72 

2.0 

18.0 

+ 

12 

72 

3.0 

18.0 

- 

8 

80 

2.0 

20.0 

- 

8 

76 

2.0 

19.0 

- 

10 

76 

2.5 

19.0 

- 

10 

74 

2.5 

18.5 

- 

8 

74 

2.0 

18.5 

- 

14 

64 

3.5 

16.0 

- 

6 

36 

1.5 

9.0 

- 

16 

52 

4.0 

13.0 

- 

6 

16 

1.5 

4.0 

4 

20 

36 

5.0 

9.0 

4 

4 

12 

1.0 

3.0 

4 

26 

24 

6,5 

6.0 

4 

4 

24 

1.0 

6.0 

- 

28 

24 

7.0 

6.0 

4 

30 

30 

7.5 

7.5 

- 

2 

12 

0.5 

3.0 
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Table  48 

FLAMMABILITY  CF  MIXTURES  OF  n-HEPTANE,  AIR  AND  SULFUR  HEXAFLUORIDE 


Pressure,  am.  Hr 

Volume  % 

n-C-rH  i  n 

El 

El 

Result 

26.0 

16.0 

6.5 

4.0 

♦ 

6.0 

16.0 

1.5 

4.0 

27.0 

16.0 

6.8 

4.0 

7.0 

16.  C 

1.8 

4.0 

4 

8.0 

32.0 

2.0 

8.0 

4 

7.0 

32.0 

1.8 

8.0 

10.0 

48.0 

2.5 

12.0 

4 

9.0 

48.0 

2.3 

12.0 

- 

10.0 

6C  JO 

2.5 

15.0 

- 

22.0 

kSJZ 

5.5 

12.0 

— 

21.0 

48.0 

5.3 

12.0 

4 

11.0 

60.0 

2.8 

15.0 

4 

26.0 

32.0 

6.5 

8.0 

- 

24.0 

32.0 

6.C 

8.0 

4 

12.0 

72.0 

3.0 

18.0 

— 

22.0 

60  .0 

5.5 

15.0 

- 

13.0 

72.0 

3.3 

18.0 

4 

21.0 

60.0 

5.3 

15.0 

4 

20.0 

72.0 

5.C 

18.0 

4 

21.0 

72.0 

5.3 

18.0 

- 

16.0 

82.0 

4.0 

20.5 

- 

18.0 

80.0 

4.5 

20. 0 

4 

18.0 

81.0 

4.5 

20.3 

- 

16.0 

81.0 

4.0 

20.3 

4 

20.0 

80.0 

5.0 

20.0 

4 

u.o 

80.0 

3.5 

20.0 

4 

13.0 

80.0 

3.3 

20.0 

• 

21.0 

80.0 

5.3 

20.0 

• 

14.0 

81.0 

3.5 

20.3 

4 

u.o 

82.0 

3.5 

2C.5 

- 

20.0 

81.0 

5.0 

20.3 

- 
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Table  49 


m,  .t jxu-.l'  OF  MIXTURES  OF  n-HEPTANE,  AIR  AND 
aORONTRIFl.iCiUil 
(Total  Pressure  ■  ram,  Kg.) 


Pressure-  mm.  Hg  Volume  %  Re suit a 


C7H16 

bf3 

C#t6 

bf3 

8.0 

8.0 

2.0 

2.0 

♦ 

20.0 

16.0 

5.0 

4.0 

«■ 

16.0 

24.0 

4.0 

6.0 

+ 

4.0 

8.0 

1.0 

2.0 

- 

16.0 

32.0 

4.0 

8.0 

4 

24.0 

16.0 

6.0 

4.0 

♦ 

16.0 

100.0 

4.0 

25.0 

- 

28.0 

K  .0 

7.0 

4.0 

- 

16.0 

80.0 

4.0 

20.0 

♦ 

8.0 

24.0 

2.0 

6.0 

• 

16.0 

84.0 

4.0 

21.0 

- 

24.0 

32.0 

6.0 

8.0 

- 

12.0 

80.0 

3.0 

20.0 

- 

12.0 

64.0 

3.0 

16.0 

♦ 

20.0 

80.0 

5.0 

20.0 

* 

10.0 

64.0 

2.5 

16.0 

♦ 

20.0 

64.0 

5.0 

16.0 

• 

6.0 

64.0 

1.5 

16.C 

«• 

16.0 

64.0 

4.0 

16.0 

4 
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Table  ^ 

FLAMHAPILITY  OF  MIXTURES  OF  n -HEPTANE,  AIR 
AND  PHOSPHOROUS  TRICHLORIDE 
(Total  Pressure  °  400  ma,  Hg.) 


Pressure. 

ran  *  H.t  « 

Volume  % 

Results 

C?Hi6 

PC13 

C7H16 

PCl3 

16.0 

24.0 

4.0 

6.0 

+ 

16.0 

48.0 

4.0 

12.0 

■f 

16.0 

52.0 

4,0 

13.0 

♦ 

16.0 

80,0 

4.0 

20.0 

** 

16.0 

60.0 

4.0 

15.0 

- 

16.0 

56.0 

4.0 

14.0 

20.0 

56.0 

5.0 

14.0 

- 

12.0 

56.0 

3.0 

14.0 

+ 

12,0 

60. 0 

3.0 

15.0 

♦ 

12.0 

64.0 

3.0 

16.0 

+ 

12.0 

68,0 

3.0 

17.0 

+ 

12.0 

72.0 

3.0 

18.0 

12.0 

76.0 

3.0 

19.0 

♦ 

12.0 

80.0 

3.0 

20.0 

■f 

12,0 

88.0 

3.0 

22. C 

12. C 

100.0 

3.° 

25,0 

- 

12.0 

96,0 

3.0 

24.0 

- 

12,0 

92.0 

3.° 

23.0 

- 

8.0 

88.0 

2.0 

22.0 

- 

1 
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Table  51 

FLAMMABILITY  OF  MIXTURES  OF  n-HEFTANE,  AIR  AND 
HYDROGEN  CHLORIDE 
(Total  Pressure  *  400  mm.  Hg.) 


Pressure. 

run.  Hg. 

Volume  % 

Results 

C7H1 6 

HCl 

C7H1  fj 

HCl 

12.0 

40.0 

3.0 

10.0 

+ 

12.0 

80.0 

3.0 

20.0 

+ 

12.0 

120.0 

3.g 

30.0 

- 

12.0 

100.0 

3. 

25.0 

4- 

12.0 

112,0 

3.u 

28.0 

- 

8.0 

80.0 

2.0 

20.0 

12.0 

104,0 

3.° 

26,0 

- 

4,0 

80.0 

1.0 

20.0 

- 

16.0 

100.0 

4.0 

25.0 

- 

16.0 

60.0 

4.0 

20.0 

- 

8,0 

100.0 

2.0 

25.0 

- 

20.0 

40 .0 

5.0 

10.0 

4 

4.0 

24.0 

1.0 

6.0 

- 

24.0 

40.0 

6.0 

10.0 

- 
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Table  52 

FLAWABILITY  OF  MIXTURES  OF  n-HEPTANE,  AIR  «MD  CaRBON  TETRAFLUORIDE 
(Total  Pressure  -  400  mn.  Hg) 


Pressure . 

MM.  Hg 

Volume  % 

£r£2Hi& 

OF* 

Q~c,»Hia 

CFi. 

Result 

29.0 

8.0 

7.3 

2.0 

4 

30.0 

8.0 

7.5 

2.0 

- 

28.0 

20.0 

7.0 

5.0 

♦ 

29.0 

20.0 

7.3 

5.0 

24.0 

36.0 

6.0 

9.0 

+ 

25.0 

36.0 

6.3 

9.0 

- 

21.0 

48.0 

5-3 

12.0 

♦ 

21.0 

52.0 

5.3 

13.0 

1 

16.0 

72.0 

4.0 

18.0 

t 

14.0 

84.0 

3.5 

21.0 

♦ 

12.0 

92.0 

3.0 

23.0 

t 

5.0 

100.0 

1.3 

25.0 

* 

4.0 

84.0 

1.0 

21. u 

♦ 

4 .0 

64.0 

1.0 

16.0 

♦ 

4.0 

44.0 

1.0 

11.0 

i 

4.0 

20.0 

1.0 

5.0 

♦ 

3.0 

12.0 

0.8 

3.0 

3.0 

8.0 

0.8 

2.0 

- 
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Table  53 

FLAMMABILITY  OF  MIXTURES  OF  n-HEFTANE,  AIR  AND  CARBON  DIOXIDE 
(Total  Pressure  »  400  nm.  Hg) 


Pnssure 

ran.  Hk 

Volume  % 

n-C-yHt 

C0a 

n-C-aHi  a 

CQa 

Result 

3.0 

4.0 

0.8 

1.0 

- 

3.0 

12.0 

0.8 

3.0 

• 

3.0 

16.0 

0.8 

4.0 

- 

4.0 

32.0 

1.0 

8.0 

♦ 

3.0 

32.0 

0.8 

8.0 

- 

4.0 

64.0 

1.0 

16.0 

4.0 

80.0 

1.0 

20.0 

♦ 

6.0 

100.0 

1.5 

25.0 

♦ 

5.C 

100.0 

1.3 

25.0 

- 

12.0 

116.0 

3.0 

29.0 

♦ 

12.0 

118.0 

3.0 

30.0 

- 

16.0 

96.0 

4.0 

24.0 

♦ 

20.0 

80. 0 

5^0 

20,0 

- 

23.0 

40.0  . 

5.8 

1C.0 

♦ 

24.0 

9.0 

6.0 

2.0 

• 
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Table  54 

FLAMMABILITY  OF  MIXTURES  CF  I  SC  BUTANE,  *IR  AND 


BRCHGTRI FLUORCMETHANE  AT 

Volume,  i 

"7aec. 

CfcHm 

CBrF, 

Results 

3.5 

1.5 

_ 

3.5 

2.5 

- 

5.5 

1.0 

- 

6,0 

1.0 

- 

5.5 

2.C 

- 

6,0 

2.0 

- 

5.0 

1.0 

- 

5.0 

2.0 

+ 

4.0 

1.0 

- 

4.5 

1.0 

♦ 

3.5 

0.5 

- 

4.0 

0.5 

♦ 

5.0 

0.5 

♦ 

5.5 

0.5 

♦ 

5.0 

1.5 

+ 

6.0 

0.5 

+ 

6.5 

0.0 

- 

6.5 

0.5 

- 

2.5 

0.0 

♦ 

3.0 

0.0 

♦ 

2.0 

2.0 

- 

2.5 

2.0 

_ 

3.0 

2.0 

- 

3.5 

2.0 

3.0 

4.0 

— 

3-5 

4.0 

- 
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Table  55 

FLAMtABILITY  OF  MIXTURES  OF  ISOBUTANE,  AIR  AND 
BROMOTRIFLUORCMETOANE  AT  26*  C 


Volume.  % 


CBrF, 

Results 

3.5 

1.5 

- 

3.5 

2.5 

- 

5.5 

1.0 

- 

6.0 

1.0 

- 

2.0 

0 

- 

2.5 

0 

- 

2.5 

2.0 

- 

3.0 

2.0 

- 

3.5 

2.0 

♦ 

3.5 

4.0 

♦ 

4.0 

4.0 

- 

4.5 

4.0 

- 

3.5 

3.0 

- 

4.0 

3.0 

♦ 

3.5 

3.5 

- 

4.0 

3.5 

- 

4.5 

3.5 

- 

5.0 

3.5 

- 

4.5 

3.0 

+ 

5.0 

3.0 

4 

5.5 

3.0 

- 

6.0 

3.0 

- 

Table  56 
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FLhMHhBILITY  OF  MIXTURES  OF  ISCBUThNE,  AIR  AND 
BRCMOTRIFLUOROMETHANE  AT  *145*0 


Volume , 
O+^in 

1 _ 

CBrFi 

Results 

2.5 

1.0 

♦ 

3.0 

1.0 

4 

2.0 

1.0 

- 

2.5 

1.0 

4 

2.5 

2.0 

4 

3.0 

2.0 

4 

2.0 

2.0 

- 

2.5 

3.0 

- 

3.0 

3.0 

- 

3.5 

3.0 

- 

4.0 

3.0 

- 

4.5 

3.0 

- 

3.0 

4.0 

- 

4.0 

4.0 

- 

6.0 

3.5 

4 

5.0 

3.5 

4 

5.0 

3.0 

4 

5.0 

4.0 

4 

4.5 

4.0 

4 

6.0 

4.0 

4 

4.5 

5.0 

4 

5,0 

5.0 

4 

4.0 

5.0 

4 

4.0 

6.0 

4 

3.5 

5.0 

4 

3.5 

6,0 

4 

3.0 

5.0 

- 

3.0 

6.0 

- 

3.5 

7.0 

- 

4.0 

7.0 

4 

4.0 

7.5 

- 

4.5 

7.5 

- 

4.5 

7.0 

- 

5.0 

7.0 

- 

5.5 

5.0 

4 

6.C 

5.0 

- 

6.5 

3.0 

4 

?.c 

3.0 

• 

7.0 

2.0 

4 

7.5 

2.C 

4 

6.0 

2.C 

- 

8.5 

2.0 

- 

6.0 

1.0 

- 

8.5 

1.0 

- 

9.5 

0.0 

- 

10.0 

0.0 

- 

4 
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Table  57 

FLAJMaBILITY  OF  MIXTURES  OF  ISOBUTaNE,  AIR  AND 
METHYL  BROMIDE  AT  -78°  C 


Volume, 

% 

CaH,q 

CH,Br 

Re  si 

A.  5 

3.5 

4.0 

4.0 

- 

4.0 

3.0 

- 

4.5 

3.0 

- 

4.0 

2.0 

4 

4.0 

3.0 

- 

4.5 

2.0 

♦ 

5.0 

2.0 

♦ 

5.5 

2.C 

4 

6.0 

2.0 

4 

6.0 

1.0 

4 

6.5 

1.0 

4 

4.0 

2.0 

- 

4.0 

4.0 

- 

3.0 

4.0 

- 

3.5 

4.0 

- 

2,0 

1.0 

- 

3.0 

1.0 

- 

3.5 

1.0 

♦ 

4.0 

1.0 

4 

2.5 

2.0 

2.5 

3.0 

- 

3.0 

3.0 

4 

3.5 

3.0 

4 

3.0 

3.5 

4 

3.5 

3.5 

4 

2.5 

3.5 

- 

4.0 

3-5 

4 
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Table  59 

FLAWABILITY  0?  MIXTURES  OF  ISOBUThNE,  AIR  AND 
METHYL  BROMIDE  AT  26*  C 


Volume,  % 


C,H. ... 

CH^Br 

Results 

1.0 

4.0 

4 

3.0 

4.0 

- 

1.0 

5.0 

3.0 

5-C 

4 

1.0 

1.0 

• 

6.5 

1.0 

- 

5.5 

1.0 

4 

2.0 

1.0 

4 

4.0 

6.0 

♦ 

4.0 

5.0 

4 

u.o 

7.0 

4 

4.0 

8.C 

- 

4.0 

7.5 

- 

4.0 

3.0 

4 

5.0 

3.0 

- 

5.0 

4.0 

- 

5.0 

6.0 

4 

5.0 

5.0 

- 

5.0 

8.0 

- 

5.C 

7.0 

- 

4.0 

6.0 

4 

4.0 

10.0 

— 

4.0 

9.0 

- 

2.5 

5.C 

4 

4.0 

8.C 

- 

2.0 

5.0 

- 

6.0 

2.0 

4 

4.0 

7.0 

— 

7.0 

2.C 

- 

4.0 

6.5 

- 

3.0 

6.C 

4 

5.0 

6.C 

- 
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Table  59 

FLAWIABILITY  OF  MIXTURES  OF  ISOBUTENE,  AIR  >,ND 
METHYL  BROMIDE  AT  +145*C 


Volume 

CH,Br 

Results 

1.0 

0.0 

0.5 

c.o 

- 

1.5 

0,0 

- 

l.G 

0.0 

- 

2.0 

0.0 

- 

1.5 

0.0 

- 

2.5 

0.0 

- 

3.0 

0.0 

- 

3.5 

c.o 

4.0 

0.0 

♦ 

6.5 

0.0 

♦ 

7.0 

0.0 

+ 

7.5 

0.0 

8.0 

0.0 

+ 

9.C 

0.0 

♦ 

10.0 

0.0 

«* 

4.0 

2.0 

+ 

4.5 

2.0 

+ 

3.5 

2.0 

- 

3.5 

4.0 

+ 

3.0 

4.0 

- 

2.5 

4.0 

- 

3.0 

6.0 

3.5 

6.0 

- 

3.0 

5.0 

- 

4.0 

5.0 

- 

4.5 

5.0 

♦ 

4.5 

5.5 

♦ 

4.0 

5-5 

- 

4.0 

6.0 

- 

4.0 

7.0 

♦ 

4.5 

7.0 

4“ 

4.5 

6.0 

♦ 

4.5 

8.0 

♦ 

3.5 

7.0 

3.5 

8.0 

♦ 

3.0 

7.0 

♦ 

3.0 

8.0 

- 

3.5 

9.0 

• 

4.0 

8.0 

- 

5.0 

8.5 

- 

5.0 

9.0 

- 

4.0 

8.0 

♦ 

4.0 

8.5 

- 
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Table  59( Cant'd) 


CiJim 

CH»Br 

Results 

5.5 

8.0 

- 

6.0 

8.0 

* 

5.0 

7.C 

♦ 

5.5 

7.C 

- 

5.5 

6.0 

- 

6.C 

6.0 

— 

5.0 

5.0 

♦ 

5.5 

5.0 

- 

5.5 

3.0 

4 

6.0 

3.0 

4 

6.5 

3.0 

4 

7.0 

3.0 

*" 

7.0 

<-  «o 

4 

7.5 

2.0 

7.0 

1.0 

4 

7.5 

1.0 

4 

5.0 

4.0 

4 

5.5 

4.0 

4 

4.5 

l.C 

4 

4.5 

3.0 

4 

6.5 

4.0 

8.0 

1.0 

136. 


Table  50 

FLAMMABILITY  OF  MIXTURES  OF  ISCBUTAKE,  AIR  a  HD 
CHLOROTRIrLUOROMETH/.NE  AT  -78eC 


Volume.  % 


CC1F-, 

Results 

4.0 

2.0 

4.5 

2.0 

- 

3.0 

2.0 

- 

3.5 

2.0 

- 

2.0 

2.0 

- 

2.5 

2.0 

- 

3.0 

2.0 

- 

6.0 

1.5 

4- 

4.0 

2.0 

- 

4.5 

2.0 

- 

7.0 

1.0 

- 

7.5 

1.0 

- 

6.5 

1.0 

- 

6.5 

7.0 

- 

fc.G 

1.0 

6.5 

2.0 

- 

6,0 

2.0 

- 

6.0 

0.0 

4 

5.5 

2.0 

- 

6.5 

O.C 

4 

5.0 

2.0 

- 

7.5 

0.0 

- 

4.5 

2.0 

- 

7.C 

G.O 

* 

Tablfi  61 
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.MOBILITY 

OF  MIXTURES  OF 

I  SO  BUT  A  N2 , 

CHIjOHCTRIFUJCRCKBiU-Jtt  AT  26*  c 

Volume.  % 

■Salim. 

r*» 

Results 

3.0 

6.5 

3.5 

7.0 

4 

3.0 

8.0 

3. 5 

8.0 

4 

2.0 

3.0 

- 

2.0 

5.0 

- 

2.5 

3.0 

- 

2.5 

5.0 

- 

4.5 

7.0 

- 

4.5 

9.0 

- 

3.0 

9.0 

- 

3.5 

9.0 

- 

4.0 

9.0 

- 

4.5 

9.0 

- 

4.0 

8.5 

- 

4.5 

8.5 

- 

4uO 

1C. 5 

4 

4.5 

10.5 

4 

5.0 

10.5 

- 

5.5 

10.0 

- 

3.5 

1C.0 

- 

3.5 

1C.  5 

- 

5.0 

10.0 

4 

5.0 

12.0 

- 

4.0 

10.0 

4 

4.0 

12.0 

- 

4.5 

10.0 

4 

4.5 

12.0 

• 

5.0 

5.0 

- 

5.5 

6,0 

- 

4.5 

5.0 

4 

5.0 

4.0 

4 

5.5 

3.0 

4 

5.5 

4.0 

4 

5.0 

4.5 

4 

6.0 

4.0 

4 

5.5 

4.5 

4 

6.5 

4.0 

_ 

6.5 

2.0 

4 

6.5 

6.0 

- 

7.0 

2.0 

♦ 

6.0 

6.0 

♦ 

7.5 

2.0 

-p. 

£  *c 

9.0 

- 

1  #c?  * 


Table  61  (Cant'd) 


Volume , 

IMlA 

J _ 

CC1F-4 

Results 

5.5 

9.0 

♦ 

5.5 

13.0 

- 

6.0 

6.5 

♦ 

6.0 

3.0 

+ 

6.5 

3.0 

+ 

6.5 

6.5 

7.0 

3.0 

- 

7.0 

6.5 

- 

Table  6j> 


ItV, 


nAfttABIUT?  OF  MIXTURES  OF  ISCBUT^,  AIR  AKC 
CHLCRCTRIFLUORGMETH^HE  AT  ♦14;*C 

VoLjgne.  % 

CJit^  GCIF  i  Results 


1.5 

0.0 

- 

2.0 

0.0 

- 

2*0 

0.0 

4 

2.5 

0.0 

+ 

1.5 

2.0 

— 

<C  k 

2.0 

- 

2.5 

2.0 

+ 

3-0 

2.0 

+ 

2.C 

4.0 

- 

2.5 

4.0 

4 

2.0 

6.0 

— 

2.5 

6.C 

- 

2.5 

6.0 

- 

3.0 

6.0 

4 

3.0 

8.0 

- 

3.5 

8.C 

4.0 

8.0 

+ 

4.5 

8.C 

+ 

4.0 

10.0 

+ 

4.5 

10.0 

3.0 

10.0 

- 

3.5 

10.0 

+ 

3.5 

12.0 

— 

4.0 

12.0 

4 

3.5 

13.0 

4.5 

2.0 

4 

4.5 

6.0 

+ 

4.5 

14.0 

•m 

5.0 

14.0 

- 

4.5 

13.0 

- 

5.C 

13.0 

— 

4.0 

12.5 

4 

4.5 

12.5 

3.5 

13.0 

4 

4.0 

13.  C 

— 

4.5 

12.0 

4 

5.C 

12.0 

— 

5.0 

10  .0 

4 

5.5 

1C.0 

4 

6.0 

8.0 

4 

6.5 

8.0 

— 

6.C 

6.0 

4 

6.5 

6.0 

«. 

6.0 

4.0 

4 

6.5 

4.0 

4 

7.5 

2.0 

4 

8.C 

2.0 

4 
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Table  62  (Cont'd) 


Volume, 

ClHi  fs 

% 

CCl'F, 

flu suit 3 

9.5 

0.0 

4 

10.0 

C.G 

4 

6.0 

10. 0 

- 

5.0 

11. C 

4 

3.5 

12.0 

4 
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Table  63 

FLAMMABILITY  OF  MIXTURES  OF  ISOBITANE,  AIR  AND 


SULFUR  HEXAFLUORIDE  AT 

-?8*C 

Volume. 

% 

CfcHm 

Results 

3.0 

0.0 

4 

5.0 

10.0 

4 

4.5 

10.0 

4 

4.0 

10.0 

- 

5.C 

12.0 

4 

4.5 

12.0 

4 

4.0 

12.0 

- 

4.0 

14.0 

- 

4.5 

14. 0 

• 

4. 5 

lc.,0 

- 

3.0 

4.0 

4 

3.0 

6.0 

4 

2.5 

0.0 

- 

2.5 

2.0 

- 

3.0 

2.0 

- 

t-  .0 

6.0 

- 

2.5 

6.0 

- 

5.0 

11.0 

- 

5.0 

12.0 

- 

4.5 

12.0 

- 

4.5 

12.5 

- 

3.5 

.  0.0 

- 

3.5 

0.0 

4 

3.5 

0.0 

4 

4.5 

11.0 

- 

5.5 

14.0 

- 

5.0 

14.0 

- 

5.0 

13.0 

- 

4.5 

13.0 

- 

5.0 

12.5 

- 

4.5 

12.5 

- 

3.5 

0.0 

4 

3.5 

0.0 

4 

5.5 

12.C 

- 

6.0 

12.0 

- 

5.0 

11.0 

- 

5.5 

11.0 

- 

i 
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Table  64 

FLAW? ABILITY  OF  MIXTURES  OF  TSOP'JTANE,  AIR  ANT 
SULFUR  HEXAFLUORIDE  AT  26*  c. 

Yolnae,  % 


ytift 

1.0 

SF* 

4.0 

Results 

4.0 

4.0 

♦ 

2.0 

4.0 

- 

3.0 

4.0 

-  | 

2.5 

4.0 

- 

6.0 

4.0 

♦  i 

2.0 

0.0 

4 

8.0 

0.0 

- 

1,0 

0.0 

4  | 

7.0 

0.0 

0.5 

0,0 

6.0 

0.0 

4 

6.0 

0.0 

4 

6.5 

0.0 

4 

4.0 

13.5 

♦ 

7.0 

5.0 

4 

5,0 

18.0 

- 

5.5 

14.0 

4 

5.0 

17.0 

- 

4.5 

15.0 

4 

5.5 

16.0 

4 

5.0 

16.5 

♦ 

4.5 

16.0 

♦ 

3.5 

13.0 

4 

6.0 

13.0 

- 

3.0 

10.0 

- 

5.C 

11.0 

4 

5.0 

12.0 

4 

5.0 

13.0 

- 

5.0 

14.0 

4 

4.5 

11.0 

4.5 

12.0 

- 

3.5 

0,0 

- 

3.5 

0.0 

4 

4.0 

0.0 

- 

4.0 

0.0 

4 

4.0 

0.0 

4 

4.0 

0.0 

4 

5.C 

12.0 

4 

4.5 

12.0 

- 

5.0 

8,0' 

- 

5.5 

9.0 

- 

4.0 

C.O 

♦  < 

4.0 

0.0 

4 

4.5 

8.0 

- 

5,0 

8.0 

4 

t.O 

6.0 

4 

Table 
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FLAJWABILxTY  OF  MIXTURES  OF  IS05U7ANS,  AIR  AND 

SULFUR  HEXAFLUORIDE  AT  ♦U5'C 


Volume. 

S*Hu- 

x_ 

2T*. 

Results 

2.0 

2.0 

2.5 

2.0 

- 

3.0 

2.0 

♦ 

3.5 

2.0 

4 

3.5 

4.0 

4 

4.0 

4.0 

4 

3.5 

6,0 

4 

4.0 

6.0 

4 

2.5 

<4.0 

4 

2.5 

8.0 

_ 

3.5 

12, C 

- 

4.0 

12.  C 

4 

4.0 

I4.C 

4 

4.5 

14.0 

4 

3.5 

14.0 

6.C 

14.0 

4 

4.0 

16.0 

4.5 

16.0 

- 

5.C 

18.0 

- 

5.5 

18.0 

4.5 

17.0 

- 

5.0 

17.0 

_ 

5.C 

16. C 

4 

5.5 

16.0 

4 

6.0 

16.0 

4 

6.0 

16.5 

4 

5.5 

17.0 

6.0 

17.0 

_ 

6.5 

16.0 

7.0 

16.0 

6.5 

14.0 

♦ 

7.0 

14.0 

- 

6.5 

12.0 

4 

->  /- 

r  •  v 

12.0 

- 

M#  ^ 

xo.0 

4 

7.0 

10.0 

■4 

6.0 

10. C 

7.5 

10  .0 

7.C 

8.0 

7.5 

8.0 

4 

8.0 

6.0 

_ 

8.5 

6.0 

7.5 

6.0 

4 

7.5 

3.0 

4 

3.C 

10.0 

3.5 

10.0 

2.0 

6.0 

2.5 

6.0 

Table  gg 
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FLA»tARlI.lTY  OF  MIXTURES  OF  ISOBfTAFJE,  AIR  AW 
CAkflONTrTRA  FLUORIDE  AT  -78'C 


Volume . 

* 

OfaHm 

CCli. 

Resil 

6.0 

18.0 

7.0 

18.0 

5.5 

18.0 

- 

5.5 

18.5 

- 

3.0 

0.0 

4 

3.0 

0.0 

♦ 

5.0 

1-3.5 

5.0 

13.0 

* 

4.5 

13.5 

♦ 

5.5 

13-5 

4 

6,0 

lc.O 

6.0 

16.0 

5.5 

10.0 

4 

6.0 

10.0 

— 

6.5 

10.0 

_ 

5.5 

8.0 

♦ 

6.0 

8.0 

♦ 

6.5 

8.0 

♦ 

7,0 

8.0 

♦ 

7.5 

3.0 

4 

6.0 

9.0 

4 

6.5 

9.0 

4 

7.0 

9.0 

4 

7.5 

9.0 

4 

8.0 

8.0 

_ 

8.0 

9.0 

7.0 

6.0 

7-5 

6.0 

6.5 

6.0 

4 

7.0 

7.0 

6,5 

4.0 

7.0 

4.0 

_ 

6.0 

4.0 

+ 

5.5 

4.0 

4 

6.0 

2.0 

4 

6.5 

’2.0 

4 

4.5 

15-0 

4 

3.5 

13.0 

4 

4.5 

?.0 

4 

4.5 

10.0 

4 

4.5 

3.0 

4 

4.5 

5.0 

4 

2#5 

6.0 

- 

3.0 

6.0 

4 

2.5 

6.0 

- 

20t 


Table  (Cont'd) 


Volume , 

J*  . 

Results 

2.5 

10.0 

- 

3.0 

10.0 

♦ 

3.5 

10.0 

♦ 

2.5 

14.0 

- 

3.0 

14.0 

t 

3.5 

14.0 

4.o 

14.0 

4.5 

14.0 

- 

5.0 

14.0 

4- 

4.5 

18.0 

- 

5.0 

18.0 

4 

U.5 

22.0 

- 

5.0 

22.0 

• 

4.5 

14.0 

- 

4.5 

18.0 

- 

5.0 

22.0 

- 

6.0 

22.0 

- 

6.5 

22.0 

- 

7.0 

22.0 

4.5 

20.0 

- 

5.0 

20.0 

- 

5.0 

20.0 

- 

6.0 

20.0 

- 

7.6 

20.0 

- 

8,0 

20.0 

- 

5.0 

19.0 

- 

5.5 

19.0 

- 

Table  ft? 


80S 


FLAmABlLlr?  OF  MIXTURES  OF  ISOBinVffi,  AIR  AND 
CA RBONTET RA FLU 0 SICE  AT  26eC 


Vclur.e , 

C^1n 


Results 


6.5 

10.0 

- 

6.5 

14.0 

- 

6.0 

13.0 

4 

6.0 

16.0 

• 

5.5 

16,0 

5.5 

18.0 

• 

5.0 

16.0 

- 

6.0 

15.0 

- 

5.5 

15.0 

- 

4.5 

16.0 

4 

5.0 

15.0 

4 

5.0 

18.0 

- 

4.5 

18.0 

4 

4.5 

20.0 

_ 

4.0 

21.0 

— 

4.5 

21.0 

4 

4.5 

22.0 

- 

5.0 

22.0 

- 

2.5 

9.0 

4 

3.0 

9.0 

4 

2.5 

13.0 

- 

3.0 

13.0 

4 

2.5 

15.0 

m 

3.C 

15. C 

4 

2.5 

18.0 

- 

3.0 

18.0 

- 

3.0 

12.0 

4 

2.5 

12.0 

4 

3.0 

14.0 

4 

3.5 

14.0 

4 

1.5 

0.0 

- 

2,0 

0.0 

- 

4.0 

23.0 

4 

7.5 

4.0 

- 

4.0 

23.5 

4 

7.5 

l.O 

4 

8.0 

1.0 

m 

8.0 

2.0 

- 

8.0 

3.C 

7.0 

4.0 

4 

7.0 

6.0 

4 

7.0 

8.0 

- 

6.5 

8.0 

4 

6.5 

11.5 

- 

6.0 

12,0 

* 

6.C 

14.0 

4 

5.0 

3.0 

4 

5.5 

5.0 

♦ 

5.0 

2.0 

- 

Tv  S.  - 


Table  68 
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FLAMMABILITY  OF  MIXTURES  OF  ISOBUTANE,  AIR  AND 
CARDONTETRA FLUORIDE  AT  ♦145‘C. 


Volume . 

1 _ 

Of* 

Results 

3.0 

0.0 

4 

3.5 

0.0 

4 

2.5 

0.0 

4 

2.0 

0.0 

4 

1.5 

0.0 

- 

1.0 

0.0 

- 

9.0 

0.0 

4 

9.5 

0.0 

4 

2.0 

3.0 

- 

2.5 

3.0 

4 

2.0 

6*0 

— 

2.5 

C/.O 

4 

2.5 

9.0 

- 

3.0 

9.0 

4 

3-0 

12.0 

4 

3.5 

12.0 

4 

2.5 

15.0 

- 

3.0 

15.0 

- 

2.5 

12.0 

- 

3.5 

15.0 

-» 

3.5 

18.0 

- 

4.0 

18.0 

- 

4.5 

18.0 

- 

5.0 

18.0 

- 

4.0 

15.0 

- 

4.5 

15.0 

- 

3.5 

13.5 

4 

4.0 

13.5 

- 

2.5 

13.5 

- 

3.0 

13-5 

- 

4.0 

12.0 

4 

4.5 

12.0 

4 

5.0 

12.0 

4 

5.0 

13.5 

- 

5.5 

12.0 

4 

6.0 

12.0 

- 

5.5 

13.5 

4 

5.5 

15.0 

- 

6.0 

9.0 

• 

6.5 

9.0 

- 

7.0 

6.0 

- 

7.5 

6.0 

- 

7.0 

3.0 

4 

7.5 

3.0 

4 

4.0 

3.0 

4 

4.0 

9.0 

4 

2.0 

1.5 

- 

2.5 

1.5 

4 

\ 
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Table  69 


FLAMMABILITY 

OF  MIXTURES  OF  PENTANE,  AIR  AND  METHYLENE  DIBROMIDE 

{Total  Pressure 

■  400  am.  H&) 

.  run.  Hr 

Volume  H 

Result 

C0H12 

CH2Br2 

CPH12 

CH2Br2 

/ 

12 

24 

3.0 

6.0 

+ 

8 

8 

2.0 

2.0 

♦ 

12 

32 

3.0 

8.0 

+ 

6 

8 

1.5 

2.0 

- 

12 

28 

3.0 

7.0 

- 

24 

12 

6.0 

3.0 

- 

12 

22 

3.0 

5.5 

♦ 

12 

26 

3.0 

6.5 

- 

10 

26 

2.5 

6.5 

♦ 

14 

24 

3.5 

6.0 

- 

10 

28 

2.5 

7.0 

- 

18 

16 

4.5 

4.0 

- 

8 

26 

2.0 

6.5 

- 

18 

12 

4.5 

3.0 

4- 

8 

16 

2.0 

4.0 

4- 

✓ 


£09* 


Table  70 


FLAMMABILITY  OF  MirniK-P  OF  FFNTAJE,  Ain  AKD  BROklO- 
THI  FLUORtUEllUIiE 


(Total  Pressure  *  400  m 

.  Hg) 

Pr£iA.ti4iirVM .  /un.  ILr  * 

Volume . 

£ _ 

Result 

CF3Br 

Ggltjj 

CF3Br 

12 

16 

3.0 

4.0 

♦ 

16 

16 

4.0 

4.0 

+ 

12 

22 

3.0 

5.5 

♦ 

16 

20 

4,0 

5.0 

♦ 

12 

26 

3.0 

6.5 

16 

26 

4  .0 

6.5 

12 

£4 

3.0 

6.0 

♦ 

14 

24 

3.5 

6.0 

♦ 

10 

24 

2.5 

fi.G 

~ 

14 

26 

3,5 

6.5 

- 

3 

20 

2.C 

5.0 

16 

24 

4  .0 

6.0 

- 

8 

16 

2.0 

4.0 

“ 

20 

20 

5.0 

5.0 

~ 

10 

16 

<Lj  .  5 

4.0 

- 

20 

16 

5.0 

4.0 

“ 

10 

14 

2.5 

3.5 

♦ 

20 

12 

5.0 

3.0 

8 

12 

2.0 

3.0 

- 

£0 

8 

5.0 

2.0 

■f 

8 

R 

2  .0 

2.0 

- 

20 

4 

5.0 

1.0 

+ 

8 

4 

2.0 

1.0 

♦ 

20 

0 

5.0 

0.0 

- 

24 

12 

6.0 

3*0 

24 

24 

8 

'X 

6.0 

6.0 

1% 

♦ 
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Table  7* 

FLAL3MABILITT  OP  MIXTURES  OF  PENTANE,  AIR  «ND  ETHYL  BROMINE 
{•Torsi  Pressure  *  400  mm.  Hg) 


Pressure. 

mm.  H«, 

Volume 

.  <k 

Result 

C^tL 

C2HEBr 

cbh12_ 

c*H6Pr 

12 

16 

3,0 

4.0 

♦ 

12 

24 

3.0 

6.0 

12 

28 

3.0 

7.0 

_ 

12 

20 

3.0 

5.0 

i  r> 

j. 

22 

3.0 

3  >o 

* 

12 

28 

3.0 

4  mb 

_ 

10 

20 

3.5 

5.0 

-f 

IQ 

22 

2.5 

5.5 

4* 

4 

12 

1.0 

3.0 

10 

24 

2.5 

6.0 

♦ 

6 

12 

1.5 

3.0 

4- 

8 

26 

2.0 

6.5 

♦ 

6 

18 

1.6 

4.5 

10 

26 

2.5 

6.5 

_ 

6 

26 

1.5 

6.5 

_ 

8 

30 

2.0 

7.5 

12 

22 

3.0 

4.5 

8 

28 

2.0 

7.0 

16 

10 

4.0 

2.5 

*•* 

22 

*4 

5.5 

1.0 

♦ 

Table  72 
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FUmBIUTY  OF  MIXTURES  OF  PENTANE,  AIR  *ND  METHYL  BROMIDE 
{Total  Pressure  -  400  mm.  Hg) 


Pressure,  am.  Hg 

4 

Result 

CHsBr 

C6H1£ 

Cri3Br 

4 

12 

1.0 

3.0 

28 

12 

7.0 

3.0 

- 

6 

12 

1.5 

3.0 

- 

24 

12 

6.0 

3.0 

- 

8 

12 

2.0 

3.0 

♦ 

12 

X 

3.0 

6.0 

* 

20 

12 

5.0 

3.0 

♦ 

12* 

3? 

3.0 

6.0 

♦ 

22 

12 

5.0 

3.0 

12 

34 

3.0 

8.5 

16 

24 

4.0 

6.0 

♦ 

10 

32 

fc 

L>  tk. 

6.5 

4* 

18 

2, 

4.5 

6.0 

— 

6 

36 

2.0 

9.0 

- 

8 

r*i 

2.0 

6.0 

♦ 

8 

32 

2.0 

8.0 

♦ 

6 

2-' 

1.5 

6.0 

- 

8 

34 

2.0 

8.5 

- 

10 

3-, 

2.5 

3  #o 

• 

10 

35 

2.5 

8*75 

• 
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Table  73 

FLAMMABILITY  OF  MIXTURES  OF  PENTANE,  AIR  a!©  SULFUR 

UEL.FLUORILE 

{Total  Pressure  *  tOO  ran,  Hg) 


Result 


>S*12 

SFC 

cbhj2 

CF« 

12 

72 

3.0 

18.0 

16 

76 

4.0 

19.0 

4- 

12 

70 

3,0 

17.5 

+ 

16 

76 

4.0 

19.5 

- 

25 

76 

5.0 

19,0 

* 

14 

76 

3.5 

19.0 

♦ 

16 

7C 

4.5 

19.0 

- 

14 

76 

3.5 

19.5 

■f 

18 

72 

4.5 

18.0 

♦ 

14 

80 

3.5 

20.0 

- 

10 

56 

2.5 

14.0 

- 

20 

66 

5.0 

17.0 

- 

8 

32 

2.0 

8.0 

* 

22 

52 

5.5 

13.0 

♦ 

10 

32 

2.5 

8.0 

* 

24 

52 

6.0 

13.0 

- 

6 

32 

1.5 

8.6 

- 

28 

24 

7.0 

6.0 

- 

26 

24 

6.5 

6.0 

-r 

24 

24 

6.0 

6.0 

4- 
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Table  74 


flammability  or  mihuhss  or  peot.ne,  aip  am>  cafboh 

TLTH/tFLUCRnjE 

(Total  Pressure  *  400  mm.  He) 


Pressure, 

jam.  Hi? 

CbH12 

cr4 

12 

?? 

14 

72 

12 

eo 

13 

HO 

12 

76 

1 

A  » 

ae 

16 

HQ 

14 

a:  - 

18 

72 

14 

82 

18 

60 

10 

72 

18 

52 

10 

6C 

10 

52 

6 

40 

16 

72 

6 

28 

8 

28 

_ Volume. 

* 

Result 

c6h12 

cr4 

3.0 

18.0 

♦ 

3.5 

18.0 

•f 

3.0 

£0.0 

3.5 

20.0 

♦ 

3.0 

19.0 

* 

3.0 

22  .0 

4.0 

20.0 

3.5 

21.0 

4.5 

1 L .  0 

3.5 

20.  r. 

4.5 

15.0 

2.5 

18.0 

4.5 

13.0 

♦ 

2.5 

15.0 

2.5 

13.0 

♦ 

1.5 

10.0 

4.0 

13.0 

1.5 

7.0 

2.0 

7.0 

♦ 

l 


Table  ?f> 
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FLAMMABILITY  OF  MIXTURES  OF  BENZENE,  AIR  *.>©  METHYLEKEDI l 3  •  I  S 


(Total  Pressure 

b  400  offi.  Hg) 

Pressure. 

JW.  Hr. 

Volume.  4 

Result 

CaHfl 

0:V,rc 

C6H€ 

CH2Br£ 

12 

u 

2.5 

0 

*■ 

12 

28 

3.0 

7 

♦ 

30 

0 

n  (. 

-•  « 

0 

♦ 

12 

30 

3.0 

9.5 

6 

12 

2.0 

3.0 

♦ 

10 

28 

2.5 

7.0 

- 

■1 

■*  *\ 

^  C. 

l.C 

3.0 

— 

14 

28 

3.5 

7.0 

— 

6 

12 

1.5 

3.0 

36 

0 

y.O 

0 

— 

8 

20 

2.0 

5.0 

• 

1 

\j  A 

•j 

e.5 

0 

♦ 

18 

20 

4.5 

5.0 

10 

20 

2.5 

5.0 

16 

20 

4.0 

5.0 

12 

20 

3.0 

5.0 

+ 

14 

20 

3.5 

5.0 

♦ 

18 

12 

4.e 

3.0 

♦ 

22 

12 

5.5 

3.0 

_ 

20 

12 

4.'  1  W 

3.0 

— 

£15. 


Table  76 


FLAMMABILITY  OF  MIXTURES  OF  HSK2KKE,  AIR  «MD  BROKOTTI- 
FLIIQROKETIiAHR 

(Total  Pressure  ■  400  era.  Hg) 


Treasure. 

mm.  Hk 

Volume. 

a 

Remit 

Ja!k 

CUrF* 

CPrF- 

12 

20 

3.0 

5.0 

16 

20 

;  .o 

5.0 

20 

20 

5.0 

5.0 

_ 

16 

16 

4.0 

i  *0 

♦ 

24 

20 

6.0 

5.0 

_ 

16 

10 

4.0 

4.5 

+ 

10 

36 

4.6 

4  *5 

- 

20 

16 

D  .0 

4.0 

— 

18 

16 

4.5 

4.0 

— 

14 

16 

3.5 

4.0 

■f 

14 

IS 

3.5 

'X  «b 

_ 

12 

1G 

3.0 

**  *0 

+ 

10 

14 

2.5 

3.5 

«■ 

10 

16 

2.5 

4.0 

■f 

12 

18 

3.0 

4.5 

_ 

10 

18 

2.5 

4.5 

10 

14 

4.5 

3.5 

♦ 

22 

12 

5.5 

3.0 

♦ 

26 

10 

7.0 

2.5 

♦ 

32 

6 

8.0 

1.5 

4- 

28 

12 

7.0 

3.0 

4- 
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Table  ?7 

FLAMMABILITY  OF  MIXTUKLS  OF  BEfKENE,  AIR  Aini  ETHYL  BROMIDE 


Pressure. 

mm.  Hg 

(Total  Pressure 

_ Volume. 

■  400  mm.  Hg) 

* _ 

Result 

C®H6 

CbHb  CjHjBt 

12 

24 

3.0 

6.0 

♦ 

12 

32 

3.0 

8.0 

- 

12 

28 

3.0 

?.Q 

♦ 

12 

30 

3.0 

7.5 

• 

10 

3j 

2.5 

7.5 

❖ 

14 

b 

3.5 

7.5 

- 

1  -J 

2.5 

6.0 

♦ 

16 

2 

4.0 

6.0 

♦ 

10 

34 

2.5 

6.5 

- 

25 

25 

5.0 

5.0 

. 

8 

34 

2.0 

8.5 

- 

24 

12 

6.0 

3.0 

8 

26 

2.0 

6.5 

- 

16 

£0 

4.5 

5.0 

— 

16 

26 

4.0 

6  .5 

- 

20 

1C 

5.0 

2,5 

+ 

Q 

14 

2.0 

3.5 

32 

0 

8.0 

0 

+ 

6 

14 

1.5 

3.5 

♦ 

4 

0 

1.0 

0 

- 

6 

0 

1.5 

0 

- 

4 

14 

1.0 

3.5 

— 

8 

0 

2.0 

0 

- 

12 

0 

3.0 

0 

4* 
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Table  78 


FLAMMABILITY  OF  MIXTURES  OF  BEUZSm,  AIR  *0©  iaETHYl  EROldluF. 
(Total  Pressure  ■  400  mm, 


Prasaure,. 

mm.  Hf 

Volume. 

* 

Renult 

CeHft 

CH,Br 

CaHft 

CHsBr 

12 

24 

3.0 

6.0 

♦ 

8 

If. 

2.0 

4.0 

- 

12 

32 

3,0 

8.0 

♦ 

10 

16 

2.5 

4.0 

♦ 

12 

40 

3.0 

10.0 

• 

8 

8 

2.C 

2.0 

- 

12 

36 

3.0 

9.0 

- 

24 

16 

6.0 

4.0 

♦ 

12 

34 

3.0 

8.5 

- 

28 

16 

7.0 

4.0 

- 

14 

32 

3.5 

0.0 

- 

32 

10 

8.0 

2.5 

♦ 

10 

32 

2.5 

8.0 

♦ 

£6 

16 

6.6 

4.0 

- 

8 

32 

2.0 

8.0 

- 

16 

24 

4.0 

6.0 

♦ 

10 

54 

2.5 

8.5 

- 

18 

24 

4.5 

6.0 

- 
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Tabla  79 


FL-m.BIL.ITY  OF  MIXTURES  OF  BENZENE,  AIR  ,Jffi  SULFUR  HEXA¬ 
FLUORIDE 

(Total  Pressure  *  400  ran.  Kg) 


Ppfaflaure. 

i _ 

fcfrsult 

fsHe 

Wg 

16 

y,< 

4.0 

20.0 

12 

80 

3.0 

20.0 

10 

80 

£.5 

20.0 

— 

12 

78 

3,v 

19.5 

• 

10 

76 

2.5 

19.0 

12 

74 

3.0 

18.5 

_ 

10 

72 

2.5 

18.0 

12 

70 

3.0 

17.6 

10 

70 

2.5 

17.5 

_ 

12 

66 

3.0 

16.5 

10 

62 

2.5 

15.5 

12 

58 

3.0 

14  .5 

16 

58 

4.0 

14.5 

♦ 

20 

58 

5.0 

14.5 

♦ 

16 

70 

9.0 

17.5 

- 

20 

64 

5.0 

16.0 

♦ 

16 

66 

9.0 

16.5 

4> 

20 

66 

5.0 

16.5 

♦ 

14 

64 

3,5 

16.0 

♦ 

20 

72 

5.0 

18.0 

14 

68 

3.5 

17.0 

— 

20 

68 

5.5 

17.0 

18 

7C 

4.5 

17.5 

+ 

24 

68 

6.0 

17.0 

♦ 

18 

74 

4.5 

18.5 

_ 

26 

68 

6.5 

17.0 

24 

72 

6.0 

18.0 

18 

72 

4.5 

18. 0 

♦ 

12 

48 

3.0 

12.0 

♦ 

10 

24 

2.5 

6.0 

♦ 

28 

52 

6.5 

13.0 

♦ 

8 

24 

2.0 

6.0 

_ 

30 

52 

7.5 

13.0 

_ 

30 

28 

7.5 

7.0 

■f 
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Table  80 


FLAMMABILITY  OF  MT WORES  OF  BEffZEJJE,  AIR  G'-EBOK 

IETRAFLUGRIDE 

(Total  Pressure  *  400  mm.  ligj 


Pressure, 

m.  H g 

Volume. 

J _ 

Result 

c8He 

cf4 

c6h6 

cf4 

14 

76 

3.5 

19.0 

♦ 

12 

80 

3,0 

20.0 

+ 

14 

80 

3.5 

£0.0 

4 

12 

88 

3,0 

22.0 

- 

14 

88 

3.5 

22.0 

♦ 

14 

62 

3.5 

23.0 

- 

12 

84 

3.0 

21 .0 

♦ 

i ; 

90 

3.5 

22.5 

♦ 

16 

88 

4.0 

22.0 

. 

18 

80 

4.5 

20.0 

- 

10 

80 

2.5 

20.0 

- 

16 

80 

4.0 

20.0 

+ 

10 

64 

2.5 

15. 0 

■f 

20 

64 

5.0 

16.0 

+ 

24 

48 

6.C 

12.0 

+ 

28 

40 

7.0 

10.0 

4- 

28 

48 

7.0 

12.0 

♦? 

2r 

64 

6.0 

16.0 

- 

Table  81 


FLAJfllABILITY  OF  MIXTURES  OF  ETHANOL,  ■  IH  -CD  METHHZNE 

LI BROMIDE 

(Total  Pressure  *  400  an,  Hg) 


Pressure. 

mm.  H* 

_ Volume  4 _ 

Result 

CgHgOli 

CH2Br2 

r  U  - : 
U2~‘&  -  ‘ 

CHsBr2 

32 

12 

8.0 

3.0 

♦ 

38 

20 

8.0 

5.0 

+ 

29 

28 

7.0 

7.0 

M 

32 

24 

8.0 

6.0 

— 

32 

22 

8.0 

5.5 

- 

£8 

22 

7.0 

5.5 

- 

34 

2C 

8.5 

5.0 

_ 

30 

20 

7.5 

5.0 

♦ 

28 

16 

7.0 

4  .0 

♦ 

30 

22 

7.5 

5.5 

♦ 

20 

10 

5.0 

2  .5 

_ 

30 

24 

7.5 

6.0 

— 

24 

12 

6.0 

3.0 

- 

i 


m 


Table  82 


IL/Ji&.GILITY  OF  MIXTURES  OF  ETU*NGL,  AIR  A’lD  BRQilC- 

TRI  FLUORCfcCETiliiNE 


Pressure. 

mm.  Hk 

(Total  Pros3tire  *  4C0  nm 

Volume. 

.  «g) 

1*1  c. 

CEHeOH 

28 

CF3Br 

20 

CgHpOfi 

7.0 

Cf'3Br 

5.0 

32 

20 

8.0 

5.0 

- 

28 

16 

7.0 

i.a 

32 

16 

8.0 

4,0 

• 

36 

16 

9.0 

4.0 

- 

36 

14 

9.C 

3.5 

♦ 

32 

14 

8.0 

3.5 

- 

40 

14 

10.0 

3.5 

- 

34 

14 

8.5 

3.5 

38 

14 

9.5 

3.5 

■> 

40 

10.0 

0 

+ 

32 

lu 

8  #  v 

2.5 

40 

10 

10.0 

2.5 

32 

6 

8.0 

1.5 

- 

40 

6 

10.0 

1.5 

- 

32 

4 

8.0 

1.0 

- 

40 

4 

lu.O 

1.0 

- 

32 

0 

8.0 

0 

•f 

40 

2 

10.0 

0.5 

«■ 
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Table  33 


FLAMMABILITY 

| 

►*< 

O 

s 

t*4 

o 

,  AIR  ,J5D  ETHYL 

BP OKI  EE 

( Total  Pressure  ■ 

400  mm,  Hg) 

Pressure. 

min.  H* 

Volume  % 

Result 

CbHrOH 

C«HRBr 

C?Hr0H 

32 

12 

8.Q 

3.0 

♦ 

32 

20 

8.0 

5.0 

♦ 

32 

24 

8.0 

6.0 

*» 

32 

22 

e.o 

5.5 

— 

30 

22 

7.5 

5.5 

34 

22 

6.5 

5.5 

_ 

20 

20 

7.0 

6.0 

♦ 

36 

20 

9.0 

5.0 

— 

28 

22 

7.0 

5.5 

24 

20 

6.0 

5.0 

22 

16 

5.5 

4,0 

♦ 

20 

12 

5.0 

3.0 

♦ 

20 

8 

5.0 

2.0 

♦ 

26 

20 

6.5 

5.0 

— 
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Table  64 


FLfJilMrtBILITY  OF  MIXTURES  OF  ETHANOL,  «IH  ,JID  METHYL  BROMIDE 
( Totr.l  Pressure  =  400  mm.  Hg) 


Pressure. 

mm.  Hr. 

Volume. 

* 

Result 

CAOH 

Pr 

CaHBQH 

CH3Br 

12 

24 

3.C 

6.0 

32 

24 

8.0 

6.0 

♦ 

32 

28 

8.0 

7.0 

• 

20 

32 

5.0 

8  .0 

20 

28 

5.0 

7.C 

m 

26 

28 

7.0 

7.v 

_ 

20 

20 

5.0 

5«0 

_ 

32 

26 

8.0 

6.5 

_ 

36 

26 

9.0 

6.5 

— 

28 

24 

7.0 

6.0 

_ 

20 

12 

5.0 

3.0 

— 

40 

14 

10.0 

3.5 

.. 

28 

20 

7.0 

5.0 

♦ 

36 

14 

9.0 

3.5 

♦ 

36 

22 

9.0 

5.5 

24 

16 

6.0 

9.0 

4- 
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Table  95 

FL  -MM/.BILITY  OF  MIXTURES  OF  ETH^TOL,  AIR  ,J&)  SOIIUR  I!SXA- 

FLUORIDE 


(Total  Pressure 

*  400  am. 

Hg) 

Pressure. 

urn.  Hg 

Volume. 

i _ 

c2h6oh 

CO 

& 

C2Hf,0H 

SFg 

20 

64 

5.0 

16.0 

_ 

20 

16 

5.0 

4.0 

• 

32 

64 

8.0 

16.0 

- 

24 

16 

6.0 

4.0 

-? 

32 

48 

8.0 

12.0 

4. 

28 

16 

7.0 

4.0 

32 

32 

8.0 

8.0 

48 

12 

12.0 

4.0 

+ 

32 

40 

8.0 

10.0 

32 

36 

8.0 

9.0 

♦ 

28 

76 

7.0 

9.0 

■f 

28 

40 

7.0 

10.0 

♦ 

24 

40 

6.0 

10.0 

- 

24 

16 

6.0 

4.0 

♦ 

28 

44 

7.0 

11.0 

- 

40 

32 

10.0 

8.C 

• 

56 

16 

14.0 

4.0 

♦ 

-«* 


Table  q$ 


825 


FLjaitBILITY  OF  MIXTURES  OF  ETH/JJOL,  AIR  ,-JID  C/JU30N- 

TETRnFLUORIL£ 

(Totel  Pressure  -  .jog  iura.  tig) 


Pressure.  fflBU  Hg 
CcH60H  cf4 


- Vol-une.  j _  Result 

CgHfiQH  CF4 


20 

80 

24 

60 

2b 

80 

32 

80 

28 

74 

32 

76 

28 

68 

32 

78 

28 

60 

34 

78 

38 

80 

24 

32 

34 

80 

28 

32 

36 

72 

3C 

32 

36 

56 

30 

6G 

40 

40 

3C 

32 

44 

40 

32 

32 

30 

78 

36 

32 

3C 

68 

20 

0 

32 

18 

28 

0 

24 

0 

28 

8 

22 

0 

24 

b 

5.0 

20.0 

6.0 

20*0 

_ 

7.0 

20.0 

_ 

8.0 

20.0 

_ 

7.0 

18.5 

8.0 

19.0 

♦ 

7  .0 

17.0 

e.o 

19.5 

♦ 

7.0 

16*0 

_ 

8.5 

19.5 

♦ 

9.0 

20.0 

6.0 

8.0 

8.5 

20.0 

7.0 

8.0 

9.0 

18.0 

__ 

7.5 

8.0 

9.0 

14.0 

♦ 

7.5 

15.0 

♦ 

10.0 

10.0 

♦ 

7.5 

8.0 

11.0 

10.0 

8.0 

6  .A 

7.5 

19.5 

_ 

9.0 

8.0 

♦ 

7.5 

17.0 

♦ 

5.0 

0 

8.0 

3.0 

■f 

7.0 

0 

♦ 

6.0 

0 

«■ 

7.C 

2.0 

4* 

5.5 

0 

♦ 

6.0 

2.0 

V 


22  6 


Table  87 

FLAMMABILITY  OF  MIXTURES  OF  DIETHYL  ETHER,  AIR  AND  METHYLENE 

DI BROMIDE 

(Total  Pressure  ■  400  mm.  Ilg) 


Pressure. 

mn.  Hg 

Volune 

■  it 

Result 

(C2H6)£0 

CHgBTg 

(C2Hb)20 

CH2Br2 

12 

10 

3.0 

4.0 

♦ 

12 

24 

3.0 

6.0 

♦ 

12 

28 

3.0 

7.W 

♦ 

12 

32 

3.0 

8.0 

- 

12 

36 

3.0 

0.0 

- 

12 

30 

3.0 

7.5 

10 

30 

2.5 

7.5 

14 

30 

3.5 

7.5 

♦ 

10 

24 

2.5 

6.0 

• 

14 

32 

3.5 

8.0 

10 

16 

2.5 

4.0 

♦ 

16 

30 

4.0 

7.5 

24 

20 

6.0 

5.0 

24 

12 

6.0 

3*0 

+ 

18 

24 

4.5 

6.C 

• 
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Table  qq 


FL/ -MOBILITY  OF  MIXTURES  OF  LliTTHYL  «IR  ,.ND  FROilOTRI - 

FLL'CRClILTILiiE 

(Total  Pressure  ”  400  nr..  14;} 


Pressure. 

n  m.  Hi? 

Volun. 

<6 

Result 

( C£Hg )20 

CF3Br 

{  1  _■ 

‘YjCr 

12 

20 

3.0 

5.0 

- 

18 

20 

4.0 

5.0 

♦ 

20 

20 

5.0 

5.0 

♦ 

16 

24 

4.0 

6.0 

♦ 

20 

24 

5.0 

6.0 

- 

16 

20 

4  .0 

7.0 

- 

16 

30 

4.0 

7.5 

- 

14 

C1! 

3.5 

6.0 

- 

16 

26 

4 .0 

6.5 

- 

18 

24 

4.5 

6.0 

12 

16 

3.0 

4.0 

- 

18 

26 

4.5 

6.5 

- 

12 

12 

3.0 

3.0 

- 

20 

22 

5.0 

5,5 

♦ 

12 

8 

3.0 

2.0 

♦ 

24 

20 

6.0 

5 .0 

- 

14 

22 

3.5 

5 ,5 

- 

24 

16 

6.0 

4.0 

14 

16 

o  .5 

4.0 

4- 

28 

12 

7.0 

3.C 

♦? 

32 

1C 

8.0 

2.5 

- 

Table  89 


228. 


FLJUtiBILITY  OF  MIXTURES  OF  DIETHYL  ETHER,  ,„IR  ...ND  ETHYL 

HROMIDE 

(Total  Pressure  «  100  am.  ilg) 


Pressure. 

sub  .  He 

Vol  n.t ,  i 

Result 

( CgHp  JgO 

Cpllf,  Br 

(CA':.C 

<VI5Br 

12 

24 

3.0 

6.3 

8 

10 

2.0 

2.5 

• 

12 

28 

3.0 

7,0 

- 

10 

10 

2.5 

2  .5 

f 

16 

32 

4.0 

8.0 

- 

18 

24 

4.5 

6.0 

- 

16 

2e 

4.0 

7.0 

16 

24 

4.0 

6.0 

- 

10 

20 

2.5 

5.0 

♦ 

14 

24 

3.5 

6.0 

- 

10 

24 

2.5 

6.0 

♦ 

12 

26 

3.0 

6,5 

10 

26 

2.5 

6.5 

+ 

22 

12 

5.5 

3.0 

♦ 

10 

28 

2.5 

7.0 

♦ 

24 

12 

6.0 

5.0 

4* 

10 

30 

2.5 

7.5 

- 

26 

12 

6.5 

3.0 

♦ 

26 

12 

6.5 

5.0 

♦ 

28 

12 

?.o 

3.0 

♦ 

32 

12 

8.0 

5.0 

«- 

36 

12 

9.0 

3.0 

- 
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Table  $q 

FLlMM,.BILITf  OK  MIXTJRET  OF  DIETlfYL  F.THER,  .UR  ^ND 
METHYL  BROMIDE 

(Total  Pressure  *  400  nn,  iigj 


Pressure. 

m.  Hr 

V  Q 1  u.10 

A. 

Result 

(Cal-gigO 

CH30t 

z'aSL 

12 

12 

3.0 

3.0 

•f 

ZCi 

12 

9.0 

3.0 

■f 

8 

12 

2.0 

3.0 

- 

36 

12 

9.5 

3.0 

- 

1C 

12 

2.5 

3.0 

- 

12 

24 

3.0 

6.G 

♦ 

12 

36 

3.0 

9.0 

- 

12 

44 

3.0 

11.0 

- 

'  r 

32 

3.0 

8.0 

- 

U 

30 

3.5 

7.5 

- 

’  •> 

*  <■. 

28 

3.0 

7.0 

♦ 

16 

26 

4.0 

6.5 

- 

12 

30 

3.0 

7.5 

- 

25 

6.25 

6.26 

♦ 

1." 

20 

4.0 

6.0 

♦ 

<2  t 

20 

6.0 

5.0 

♦ 

36 

16 

9.0 

4.0 

• 
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Table  gi 

flaisiarility  of  mixtuaE"  of  diethyl  fther,  ,.ir  ;.nd  zjwm 

iEX.»FL'JORIDE 

(Total  Pressure  =  400  mn.  Hg) 


Pressure. 

mm.  Ila 

Volune. 

f 

Result 

(Cgll^O 

SFe 

(C£H5)20 

8Fa 

£0 

40 

5.0 

10.0 

♦ 

10 

12 

w  .5 

3.0 

f 

20 

56 

5.0 

14.0 

♦ 

£0 

72 

5.0 

18.0 

♦ 

12 

56 

5.0 

14  .0 

■f 

20 

80 

5.0 

20.0 

♦ 

12 

76 

3.0 

19.0 

* 

£C 

88 

5.0 

22.0 

- 

12 

68 

3.0 

17.0 

- 

20 

84 

5.0 

21.0 

+ 

12 

66 

3.0 

16.5 

• 

2v 

86 

5.0 

21.5 

♦ 

12 

60 

3.0 

15. Cl. 

- 

24 

84 

6.0 

21 .0 

- 

16 

76 

4.0 

19.0 

♦ 

24 

76 

6.0 

19.0 

♦ 

36 

48 

9.0 

12.0 

- 

32 

48 

8.0 

12.0 

- 

22 

88 

5.5 

22.0 

* 

28 

48 

7.0 

12.0 

♦ 

18 

88 

4.5 

22.0 

- 

36 

16 

9.0 

4.0 

16 

84 

4.0 

21.0 

- 

Table  92 


a?n . 


FLAMMABILITY  0?  MIXTURES  OF  DIETHYL  ETHER,  AIR  AND  CARBON- 
TETRAELU  OR I DE 

(Total  Frejsure  =  400  nun.  Hg) 


Free sure. 

mm.  K« 

Volume. 

t 

R6CUlt 

(C2HB);,0 

(C2He,)20 

cf4 

10 

16 

2.3 

4.0 

38 

16 

3.5 

4.0 

C 

10 

2.0 

4.0 

_ 

34 

16 

8.5 

4.0 

_ 

14 

26 

3.5 

6.5 

+ 

30 

16 

7.5 

4 

■f 

10 

26 

£  .5 

6  .3 

♦ 

26 

36 

6.5 

'J  .0 

♦ 

10 

36 

2.5 

DvO 

+ 

30 

36 

7.5 

-- 1  ^ 

♦ 

10 

44 

£.5 

11*0 

* 

28 

60 

7.0 

15  ,0 

.12 

52 

3.0 

13. u 

24 

60 

6.0 

15.0 

_ 

12 

80 

3.0 

20.0 

_ 

22 

60 

5.5 

16.  J 

+ 

10 

80 

4.0 

O.'j 

♦ 

20 

80 

5.0 

19,0 

■f 

10 

84 

4.0 

;:1  ,o 

4- 

30 

0 

9.5 

4- 

16 

08 

4.0 

22.0 

_ 

14 

84 

o.5 

21.0 

— 

18 

84 

4.5 

21.0 

+ 

20 

6,4 

5.0 

21.0 

__ 

18 

6v 

4.5 

22.0 

♦ 

18 

DO 

4.5 

22.5 

_ 

Teblo  93 
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FLi.MLiABILITY  OF  iilHTJHEf  OF  ACETONP ,  AIR  AND  METlnLENE- 

DISHCftUEE 

(Total  Pressure  =  400  mm.  Hg; 


- Pressure. 

O'scoc;  i3 


'ji;2ra*2 


VglMgj 

cfcoch, 


CH28r2 


Result 
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Tabid  94 

FLAMMABILITY  OF  MIXTORiS  OF  ACETONE,  AIR  AND  BRQMOTRI- 

FLUOROffilHANE 

(Total  Pressure  *  400  mm.  lig; 

Pressure,  mm.  Hg  Volume.  %  Result 


(COCKj 

CF;.Rr 

CHaCOCHn 

CF(1Br 

iSQ 

20 

5.0 

5.0 

24 

20 

6.0 

5.0 

_ 

20 

16 

5.0 

4.0 

♦ 

£4 

16 

6,0 

4.0 

+ 

20 

18 

5.0 

4.5 

£4 

16 

6.0 

•i.O 

♦ 

24 

18 

6.0 

4.5 

_ 

28 

16 

7.0 

4.0 

♦ 

28 

20 

7.0 

5.0 

■f 

28 

22 

7.0 

5.5 

32 

20 

8.0 

5.0 

m 

26 

20 

6.5 

5.0 

30 

20 

7  .5 

5.0 

_ 

16 

16 

4.0 

4.0 

•» 

32 

16 

8.0 

4.0 

■f 

16 

12 

4.0 

5.0 

_ 

36 

14 

9.0 

3.5 

_ 

16 

8 

4.0 

2.0 

16 

4 

4.0 

1.0 

• 

v 


£34 


Table  95 


FLAMMABILITY 

OF  MIXTURES  OF  ACETONE,  A 

IR  ALT)  ETHYL 

BROMIDE 

(Total 

Pressure  3  400  mm.  HgJ 

Pressure,  mm. 

Hr. 

Volume 

.  * 

Result 

CH3COCH3 

CsH&Br 

CH3COCH3 

CgH^Br 

20 

16 

5.0 

4.0 

20 

20 

5 .0 

5.0 

* 

1C 

20 

4.0 

5.0 

¥ 

20 

5.0 

6.0 

- 

16 

24 

4.0 

6.0 

• 

20 

22 

5.0 

5.5 

18 

22 

4.5 

5.5 

14 

<C.O 

3.5 

5.0 

♦ 

24 

20 

6.0 

**  *0 

_ 

14 

22 

3.5 

¥ 

16 

22 

4.0 

K  c 

1.*  •  c 

¥ 

14 

24 

3.5 

>1  .‘w 

28 

16 

7.0 

_ 

28 

12 

7.0 

- 

♦ 

32 

a 

u  .0 

2 .0 

♦ 

32 

12 

a.o 

3.0 

Table  95 


FLAMMABILITY  OF  MI  MURES  OF  ACETONE,  AIR  AMD  METHYL  BROMIDE 
(Total  Pressure  =  400  mm.  Hg,^ 


. >•  ■>  ur<- .  nr  . 

•  ii*. 

Volume. 

* 

Result 

CH^COCHj 

c:t3Br 

CHjGOCH^ 

CH3Br 

12 

0 

3.0 

0 

_ 

16 

Q 

4.0 

0 

♦ 

32 

0 

8.0 

0 

* 

14 

0 

3.5 

0 

♦ 

44 

0 

11.0 

0 

+? 

16 

12 

4.0 

3.0 

♦ 

48 

0 

12.0 

0 

+Y 

14 

12 

3.5 

3.0 

«• 

20 

24 

5.0 

6.0 

4- 

52 

<*\ 

13.0 

0 

♦v 

14 

£4 

3.5 

6.0 

- 

12 

12 

3.0 

3.0 

- 

20 

£8 

5.0 

7.0 

♦ 

24 

28 

6.0 

7.0 

• 

20 

52 

5.0 

0.0 

• 

16 

28 

4.0 

7.0 

-a 

20 

30 

5.0 

7.5 

m 

28 

24 

7.0 

6.0 

• 

36 

14 

a  .0 

3.5 

- 

28 

20 

7.0 

5.0 

• 

32 

14 

8.0 

5.5 

28 

16 

7.0 

4.0 

• 

32 

0 

8.0 

2.0 

♦ 

29 

20 

6.0 

5.0 

♦ 
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Table  97 


FLAMMABILITY  OF  MIXTURES  CF  ACETONE ,  AIR  ,u\T>  SULPHUR  HEXA¬ 
FLUORIDE 


{ Total 

Pressure  =  400 

cm  a.  ilrt,) 

Pressure. 

mm. 

Volum 

Resu 

CP3COCH3 

ZFfi 

CK3COCH3 

3Fa 

— 

20 

20 

5,0 

5.0 

♦ 

14 

12 

3.5 

3.0 

■f 

20 

28 

5.0 

7.0 

♦ 

12 

12 

3.0 

3.0 

♦ 

20 

36 

5.0 

9.0 

■f 

10 

12 

2.5 

3.0 

_ 

20 

64 

5.0 

16.0 

♦ 

20 

72 

5.0 

18,0 

_ 

12 

36 

3.0 

9.0 

_ 

16 

36 

4.0 

9.0 

£0 

68 

5.0 

17.0 

22 

64 

5.5 

16.0 

♦ 

18 

64 

4.5 

16.0 

24 

64 

6.0 

16.0 

__ 

16 

36 

4.0 

9.0 

V 

22 

68 

5.5 

17.0 

18 

52 

4.5 

13.0 

.. 

24 

52 

6.0 

13.0 

■5- 

18 

40 

4,5 

10.0 

_ 

26 

52 

6.5 

13.0 

■f 

18 

32 

4.5 

8.0 

-? 

30 

52 

7.5 

13.5 

♦ 

18 

16 

4  .5 

4.0 

-? 

36 

60 

9.0 

15.  C 

+ 

44 

48 

11.0 

12.0 

♦ 

18 

16 

4.5 

4.0 

♦ 

44 

52 

11.0 

13.0 

_ 

18 

24 

4.5 

6,0 

▲ 

40 

60 

10,0 

15,0 

♦ 

Tablo 
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2157  • 


FLAMMABILITY  OF  MIXTURE.-  OF  ACETONE,  AIR  A.'D  CARBON  lETK^- 

FL  "J GRIDE 

( Total  Pressure  =  400  mm.  HgJ 


Volume.  % 


Pressure,  mm.  Hg 

DO 

16 

24 

20 

20 

24 

28 

32 

28 

32 

28 

32 

14 

32 

14 

32 

16 

36 

40 

36 

36 

26 

26 


CZ* 

CfUCQCH-. 

72 

5.0 

72 

4  •  0 

72 

6.0 

64 

5.0 

68 

5.0 

68 

6.0 

72 

7.0 

72 

8.0 

76 

7.0 

66 

8.0 

74 

7.0 

64 

8.0 

48 

3.5 

56 

8.0 

40 

3.5 

48 

8.0 

40 

4.0 

44 

9.0 

40 

10.0 

36 

9.0 

28 

9.0 

74 

6.5 

76 

6.5 

Result 

CF, 

18,0 

19.0 

18.0 

16 .0  + 

17.0 

17.0  * 

18.0  + 

18.0 
19.0 
17.0 
18.5 
16.0 
12.0 
14.0 
10. C 


12.0  ♦ 

10.0  ♦ 

11.0 
10.0 

9.0  - 

7.0  + 

18.5  + 


19.0 
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Table  99 


FLAMMABILITY  OF  MIXTURES  OF  ETHYL  *CETATE,  AIR  «KE  J3STHYLEIIE- 

L3 BROMIDE 

(Total  Pressure  *  4 00  ;tim .  Hg) 


Pressure. 

IMU  Hr. 

Volume. 

Result 

CH,C0oCJU 

CHaBra 

XHaMafiaHc 

OH^Bra 

16 

0 

4.0 

0 

4> 

12 

0 

3.0 

0 

♦ 

36 

0 

9.0 

0 

♦ 

fc 

0 

2.0 

0 

• 

44 

0 

11.0 

0 

♦ 

10 

0 

2.5 

0 

_ 

36 

20 

9.0 

5,0 

12 

i  r* 

3.0 

3.0 

36 

12 

9.C 

ij  «0 

• 

14 

12 

3.5 

3.0 

36 

4 

9.0 

1.0 

16 

12 

4.0 

3.0 

- 

36 

2 

9.0 

0.5 

4- 

16 

16 

4.0 

1.0 

_ 

16 

20 

4.0 

5.0 

- 

24 

16 

6.0 

4.0 

♦ 

28 

16 

7.0 

4.0 

_ 

24 

20 

6.0 

5.0 

_ 

26 

12 

7.C 

3.0 

♦ 

20 

18 

5.0 

4.5 

• 

24 

18 

6.0 

4  .5 

20 

12 

5.0 

3,0 

♦ 

22 

16 

5.5 

4.0 

■#“ 

16 

6 

•  -/ 

2.0 

22 

18 

o « 5 

4.5 

- 

32 

6 

8.0 

1 .5 

* 

20 

16 

5.0 

4.0 

♦ 
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Table  ICO 


FLAMMABILITY  OF  MIXTO5ET  OF  ITHYL  ACETaTE ,  AIR  AND  BROMO- 

TR I  FLU OROMLTHhUE 
(Total  Pressuro  *  400  mm.  Hg) 


Pressure, 

mm-  Hit 

Volume. 

ft 

Result 

CH-.CO.  CoH. 

CBrF* 

v  U  a  4/ 

CBrFt 

16 

24 

4.0 

6.0 

12 

4 

3.0 

1.0 

- 

16 

16 

4.0 

4.0 

- 

32 

4 

8.0 

1.0 

*? 

24 

16 

6.0 

4.0 

- 

32 

8 

8.0 

2.0 

♦ 

20 

12 

5.0 

3.0 

- 

32 

12 

8.0 

3.0 

♦ 

16 

32 

4.0 

8.0 

- 

32 

16 

8.0 

4.0 

— 

36 

16 

9.0 

4.0 

— 

32 

24 

8.0 

6.0 

- 

30 

14 

7.5 

3.5 

♦ 

36 

12 

9.0 

3.0 

- 

30 

16 

7.5 

4.0 

_ 

28 

16 

7.0 

4.0 

4- 

26 

16 

6,5 

4.0 

+ 

28 

18 

7.0 

4.5 

- 

26 

10 

6.5 

4.5 

♦ 

26 

20 

6.5 

5.0 

- 

24 

14 

6.0 

3.5 

■f 

20 

0 

5.0 

2.0 

♦ 

i 
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Table  iqi 


FLAALIABILITY  OF  LIXTURL3  OF  ETHYL  ACETATE,  AIR  AHD  ETHYL 

BROMIDE 

(Total  Pressure  »  400  am.  iig.J 


Pressure, 

an.  ite. 

CoH«Br 

24 

16 

24 

20 

28 

18 

24 

18 

16 

10 

20 

16 

12 

4 

20 

18 

12 

10 

16 

16 

28 

16 

16 

20 

32 

16 

16 

24 

12 

20 

16 

22 

12 

22 

14 

24 

12 

24 

36 

10 

12 

26 

36 

6 

48 

0 

52 

0 

Volume, 

Jfe. 

Result 

ClUCO^C..Kff 

6.0 

CryH^Br 

4.0 

♦ 

6.0 

5.0 

7.0 

4.5 

6.0 

4.5 

4.0 

2.5 

♦ 

5.0 

4.0 

«* 

3.0 

1.5 

«• 

5.0 

4.5 

5.0 

2.5 

♦ 

4.0 

4.0 

♦ 

7.0 

4.0 

♦ 

4.0 

5.0 

♦ 

e.o 

4  .0 

4.0 

6.0 

3.0 

5.0 

+ 

4.0 

5.5 

+ 

3.0 

5.5 

♦ 

3.5 

6.0 

3.0 

6.0 

♦ 

9.0 

2.5 

3.0 

6.5 

9.0 

1.5 

*■ 

12.0 

0 

♦? 

13.0 

0 

♦? 

8  41. 


Table  102 

FLAMMABILITY  OK  MITTORE?  OF  ETHYL  ACET..TE,  .JR  .u!D 
1METHYL  BROMIDE 

{Totel  Pressure  ■  400  :nm.  ng) 


Pressure. 

mm.  iif. 

Volume . 

% 

Result 

CH^-COaCa-ip 

ClUBr 

CHj^E 

8, 

20 

6.0 

5.0 

♦ 

20 

20 

5.0 

5.0 

♦ 

24 

22 

6.0 

5.5 

_ 

20 

22 

5.0 

5.5 

_ 

16 

22 

4.5 

5.5 

♦ 

20 

24 

•i  *5 

6.0 

4* 

12 

8 

3.0 

2.0 

_ 

18 

26 

4.5 

6 .5 

♦ 

14 

e 

3.5 

2.0 

■f 

10 

28 

4.5 

7.C 

_ 

14 

16 

3.5 

4.u 

■f 

16 

28 

4.0 

7.0 

_ 

14 

22 

3.5 

5.5 

«• 

16 

26 

4.0 

6.5 

16 

8.0 

4.5 

- 

28 

2f  0 

7.0 

5.C 

_ 

TO 

Wltf 

14 

6.0 

3.5 

_ 

32 

10 

8,0 

2.5 

32 

6 

8.0 

l  .5 

♦ 

28 

12 

7.0 

3.0 

♦ 

242. 


To  tit:  1C3. 

FL  MOBILITY  OF  lUOTJRIS  OF  ETHYL  ACETATE,  ,JR  AND  SULFUR 

HEXAFLUORIDE 


Pressure. 

(Total  Pressure 

nm.  Ife 

»  400  mei. 

Volume. 

%) 

c 

Result 

sr«  CKA 

12 

24 

3.0 

6.C 

24 

24 

6.0 

6.0 

+ 

12 

12 

3.0 

3.0 

? 

24 

32 

0.0 

8.0 

♦ 

12 

12 

3.0 

3.0 

_ 

24 

40 

6.0 

10.0 

4- 

14 

12 

3.5 

3.0 

♦ 

24 

26 

6.0 

14.0 

16 

24 

4.0 

6  .0 

4- 

24 

48 

6.0 

12.0 

♦ 

18 

40 

4.5 

10.0 

♦ 

40 

24 

LQ.O 

6 .0 

• 

24 

32 

6.0 

13.0 

♦ 

32 

24 

8.0 

6.0 

♦ 

20 

52 

5.0 

13.0 

* 

26 

52 

7.0 

13.0 

♦ 

28 

52 

7.0 

13.0 

♦ 

20 

56 

5.0 

14.0 

♦ 

«-• 

60 

5.0 

13.0 

♦ 

32 

44 

8.0 

11.0 

20 

68 

5 .0 

17.0 

_ 

36 

24 

9.0 

6.0 

_ 

20 

64 

5.0 

16.0 

_ 

16 

56 

4.0 

14.0 

16 

64 

4.0 

16. 

16 

68 

4.0 

17,0 

12 

64 

3.0 

16.0 

16 

72 

4.0 

18.0 

243 


Table  ].04 

FL^'fflUBILITY  OF  MIXTURES  OF  ETHYL  ACETATE,  R  AKD  CARBON 
TETR. -FLUORIDE 

(Total  Pressure  *  400  ran.  Eg) 


Pr*'jisurfc.  mm.  Ha 

Volume.  £ 

Rfcai 

Cj;  i  v.P-a.Q.-'lk. 

CF., 

.Qfo&kSsHs 

CF/i 

20 

72 

5.0 

18.0 

72 

6.0 

18.0 

- 

16 

72 

4.0 

18.0 

+ 

20 

76 

5.0 

19.0 

t 

72 

3.0 

18.0 

- 

8u 

8C 

5.0 

2'-  .  e 

♦* 

16 

76 

4 .0 

19.0 

♦ 

CO 

84 

5.C 

21.0 

♦ 

16 

BO 

4.0 

20.0 

- 

20 

86 

5.0 

22.0 

- 

12 

56 

3.0 

14.0 

- 

12 

90 

3.0 

10.0 

- 

2G 

86 

5.0 

21.8 

- 

14 

40 

3.5 

10.  o 

/- 

la 

84 

4.5 

21.0 

22 

84 

5 .5 

21.0 

- 

24 

64 

6 .0 

16.0 

26 

60 

7.0 

15.0 

- 

% 
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Table  105 


FLAMMABILITY  OF  MIXTURES  OF  n-HEPTAIIE ,  AIR,  TRIHROMOFLUORO- 
METH^KE  ,.ND  METHYLENE  DI BROMIDE 
(Total  Pressure  =  400  im.  Hg) 


Pressure,  nun.  Kg 
Cvfy  a  Crl^Brp  CFBr^ 


Volu^j  % 
C>I,Bro 


Result 


12 

9 

9 

3.0 

2.25 

2.25 

+ 

8 

6 

6 

2.0 

1.5 

1.5 

12 

10 

10  y 

3.0 

2.5 

2.5 

+ 

10 

6 

6 

2.5 

1.5 

1.5 

♦ 

12 

11 

11 

3.0 

2.75 

2.75 

- 

18 

6 

6 

4.5 

1.5 

1.5 

♦ 

10 

10 

10 

2.5 

2.5 

2.5 

— 

14 

9 

9 

3.5 

2.25 

2.25 

4* 

14 

11 

11 

3.5 

2.75 

2.75 

22 

6 

6 

5.5 

1.5 

1.5 

18 

8 

8 

4.5 

2.0 

2.0 

— 

24 

4 

4 

6.0 

1.0 

1.0 

— 

6 

4 

4 

1.5 

1.0 

1.0 

_ 

20 

5 

5 

5.0 

1.25 

1.25 

8 

4 

4 

2.0 

1.0 

1.0 

— 

22 

3 

3 

5.5 

0.75 

0.75 

- 

10 

4 

4 

2.5 

1.0 

1.0 

♦ 

20 

3 

3 

5.0 

0.75 

0.75 

8 

2 

2 

2.0 

0.5 

0 .5 

+ 

20 

2 

2 

5.0 

0.5 

0,5 
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Table  ios 


FL/J&iABILITY  OF  KIXPJRES  OF  n-HEFTANE ,  AXit,  itFTHYLLNE  DIBROMIDE 
AND  FERFLU  ORCCTHYLCYCLQHEXaNE 


_ Pressure,  row 

(Totul 

.  Hr 

Pressure  =  40o  mm.  Hg) 

Volume  £ 

Result 

.txUi « 

Qli afra 

CftFj  $ 

CHoBro 

CaF^  a 

12 

14 

14 

3  •  v* 

3.5 

3,5 

_ 

12 

10 

10 

3  #  o 

2.5 

2.5 

♦ 

8 

6 

6 

2.0 

1.5 

1.5 

* 

12 

12 

12 

3.0 

3.0 

3.0 

- 

4 

6 

6 

1.0 

1.5 

1.5 

- 

12 

11 

11 

3.0 

2.75 

2.75 

- 

6 

6 

1.5 

1.5 

1.5 

■f 

10 

10 

2.5 

2.5 

2.5 

♦ 

22 

6 

C 

5.5 

1.5 

1.5 

— 

16 

8 

8 

4.0 

2.0 

2.0 

14 

10 

lu 

3.5 

2.5 

2.5 

♦ 

16 

10 

10 

4.0 

2.5 

2.5 

+ 

8 

10 

10 

2.0 

2.5 

2.5 

4- 

18 

10 

10 

4.5 

2.5 

2.5 

_ 

6 

10 

10 

1.5 

2.5 

2.5 

- 

14 

11 

11 

3.5 

2.75 

2.75 

- 

16 

11 

11 

4.0 

2.75 

2.75 

- 

246 


Tcble  107 

FLr-MMABI 1 1 TY  OF  MIXTURES  OF  n-HEPTLJE,  AIR,  ETHYL  BROMIDE 
WITH  METHYLENE  LI  BROMIDE 


Pressure,  mm 

(Total 

..  Hr 

Pressure  • 

1  4-  •  cm. 

Volume  £ 

Hg) 

Result 

CHaBra 

C?Hi « 

CgUfifr  fflaBTa 

12 

0 

8 

5.0 

2.0 

2.0 

+ 

20 

6 

6 

5.0 

1.5 

1.5 

• 

12 

12 

12 

3.0 

3.0 

3.0 

• 

16 

6 

6 

4.0 

1.5 

1.5 

- 

12 

11 

11 

3.0 

2.75 

2.75 

+ 

8 

8 

8 

2.0 

2.0 

2.0 

w 

14 

10 

10 

3.5 

2.5 

2.5 

♦ 

10 

8 

8 

2.5 

2.0 

2.0 

— 

8 

4 

4 

2.0 

1.0 

1.0 

•f 

12 

8 

8 

3.0 

2.0 

2.0 

— 

4 

4 

1.0 

1.0 

1.0 

- 

12 

8 

8 

5.0 

2.0 

2.0 

6 

4 

4 

1.5 

1.0 

1.0 

- 

8 

3 

3 

4.0 

0.75 

0.75 

12 

8 

8 

3.0 

2.0 

2.0 

«■ 

20 

3 

3 

5.0 

0.75 

0.75 

♦ 

14 

12 

12 

3.5 

3.0 

3.0 

— 

24 

3 

3 

6.0 

0.75 

0.75 

13 

11.5 

11.5 

3.25 

2.8? 

2.87 

_ 

22 

3 

3 

5.5 

0.75 

0.75 

♦ 

11 

11 

11 

2.75 

2.75 

2.75 

♦ 

15 

11 

11 

3.75 

2.75 

2.75 

- 

24? 


Tfiblfc  ioe. 

FL.UMABILITY  OF  MIXTURES  OF  n-HEFT.uJE,  aIR,  CARBON  TETFU- 


CHLORIDE  ..HD  METHYLENE  DIERCMIDE 

{Total  Pressure  - 

400  mm. 

Hg) 

Pressure,  mm. 

Hg 

_ VQlvuno  £ 

Result 

CC1. 

CtH-j  a 

fflaBfa 

12 

10 

10 

3.0 

2.5 

2.5 

♦ 

6 

3 

3 

1.5 

0.75 

0,?5 

_ 

12 

13 

13 

3.0 

3.25 

3.25 

* 

8 

3 

3 

2.0 

0.75 

0.75 

♦ 

12 

16 

16 

3.0 

4.0 

4.0 

• 

20 

6 

6 

5.^ 

1.5 

1.5 

♦ 

12 

14 

14 

3.o 

3.5 

3.5 

+ 

24 

6 

6 

6.0 

1.5 

1.5 

12 

15 

15 

3.0 

3.75 

3.75 

_ 

16 

11 

11 

4.0 

2.75 

2.75 

4- 

10 

14 

14 

2.5 

3.5 

3.5 

♦ 

18 

11 

11 

4.5 

2.75 

2.75 

♦ 

a 

14 

14 

2.0 

3.5 

3.5 

_ 

20 

11 

11 

5.0 

2.75 

2. 75 

10 

15 

15 

2.5 

3.75 

3.7b 

_ 

8 

10 

10 

2.0 

2.5 

2.5 

♦ 

14 

14 

14 

3.5 

3,5 

3.5 

6 

10 

10 

1.5 

2.5 

2.5 

- 
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Table  kjq 

FLAML^BILTTY  OF  teTXHTO.r  OF  n-HEPL-Mt ,  ,JR,  '^ETHYLENE  TI- 
uRQlllBE  CHLOKui1  OtO* 

(Totol  Pressure  *=  4uO  mm.  Kg) 


Pressure,  mm.  Hg 
C-tHi  a  CHCli  CH^Br^ 


Volume  % 

CtH,«  CHC1,  CK?Bx? 


Result 


12 

6 

6 

12 

10 

10 

12 

14 

H 

12 

18 

18 

12 

22 

22 

12 

26 

26 

12 

20 

20 

12 

19 

19 

1C 

18 

18 

14 

18 

18 

9 

r 

1 

2C 

12 

12 

8 

7 

7 

22 

8 

8 

8 

*£ 

4 

24 

4 

4 

20 

4 

4 

3.0 

1.5 

1.5 

♦ 

3.0 

2.5 

2.5 

♦ 

3.0 

3.5 

3.5 

♦ 

3.C 

4.5 

4.5 

♦ 

3.0 

5.5 

5.5 

- 

3.o 

6.5 

6.5 

- 

3.C 

5 .0 

5  .o 

- 

3.0 

4.75 

4.75 

- 

2.5 

4.5 

4.5 

- 

3.5 

4 .5 

4.5 

- 

2.0 

£.5 

2.5 

- 

5  .o 

3.0 

3.0 

- 

2.0 

1.75 

1.75 

- 

5.5 

2.0 

2.0 

- 

2.o 

1.0 

1.0 

♦ 

6.0 

1.0 

l.o 

5.0 

1.0 

1.0 

♦ 

_ PL  ?.y LABILITY  OF  KIXTOHES  OF  FETZLiSL  IB.  HEHiYL  BBflULEL  iiffi  SJLFJR  aEMgaBIEB 

C6Hia  855tSF«  75foSF6 

Volume,  Jfc  lsjfcGhjBr  25*CHjBr  50*CiisBr  Jtosult 

_ . _ Volume,  t.  Result  Volumo,  % _ JjfcgMU  Vqluav*.fr _ 
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FLrviC^.BILITY  .?  MIXTOHE-:  .?  n-HETOJ^K,  ..IR,  .-NT-  MTHYL  RRJOIDE 
(Total  Pressure  *  K-j  mn,  %.) 

Volumo.  i 


n-Hteatmiv 


Aii,thvl  Bromide  haSiiil 


3.w 

2  .  v 

2.0 

3  .O 

2  iv 

4.. 

3. >- 

4. s 
5*v. 

l-.o 

9.0 


4.5 

3.~ 

2»u 

2 « w 

l.o 

l.o 

0.5 

0.5 


CVJ  CO 
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Table  tie 

FL.-.wt.BILITY  x  1  WIXTURLo  xi*  n—HDT’Tr^^ »  v-.lKj  IxTTHn  BRxllTDH 
(Total  Pressure  *  POO  m n,  ;i£.) 


n-Ho ptane 


Volume,  i 


3.x 


2,v 

4  .x 

2.x 

4.x 

1.x 

2.5 


5.x 

5.x 

5.5 

4.x 

5*x 

3.J 

3.x 

l.X 

5.5 


He  Suli 


♦ 

«■ 

♦ 


T'-blo  119 
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Floroaability  of  mixture u  of  n-Hoptaac,  Air,  and  :  ethyl  uronide. 

(Pctul  Prusouro«300  nr..  Kg.) 


Volume.  %> 


n-HoDtr.nc 

Methyl  Btronido 

Re  31 

2.0 

6.0 

- 

2.0 

5.0 

+ 

3,0 

5.0 

- 

2.0 

5.5 

1.0 

5.0 

- 

1.5 

5.5 

- 

£.5 

5.5 

+ 

1.5 

3.0 

+ 

2.5 

6.0 

1.0 

3.0 

- 

2.5 

6.5 

+ 

3.5 

3.0 

2.5 

7.0 

- 

1.0 

3.0 

- 

T~,blo  i£0 


g®B. 


Flar.nablllty  of  nixturca  of  n-Koptancf  Air,  .:nd  Ho  thy  I  Bronido. 

(Tot'.il  Piv  onuro-500  nn .  Ilg. ) 


Volunc.  f 

n-Hcptcno  Mothvi  Broiafdo  Rogultc 


1.5 

10 

- 

2.0 

7.0 

- 

1.5 

9.5 

• 

1.5 

9.0 

- 

4.0 

3.0 

- 

1.5 

7.0 

♦ 

1.5 

8.0 

- 

1 

7.0 

- 

1.5 

7.5 

- 

4.0 

2.5 

+ 

1.0 

3.0 

- 

6.0 

+ 

1.0 

T, o 

- 

7.0 

+ 

1.0 

- 

8.C 

- 

1.5 

+ 

2.5 

flo 

♦ 

Tabic  121 
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Flammability  of  mixtures  of  n-Hoyt-uic,  Air,  und  Broraotrifiuoroncthaoo. 

(Total  Prosauros^OO  nn.  He.) 


Volume  7? 

n-Heptapo  Bromotrli'luo  rone  thane  Results 


3.0 

5.0 

3.0 

3.0 

3.0 

4.C 

2.0 

3.0 

3.0 

3.5 

3.5 

3.0 

2.5 

3.5 

3.5 

3.5 

2.5 

‘x»C 

2.5 

u  *  5 

4.0 

1.5 

5.0 

1.5 

2.0 

1.0 

i 


:.?o. 

la  bit  i  ':£ 

FLAJfflLvBlLITY  OF  ^IXTFftES  OF  n-HLPT^NE,  .JH)  BROlKKKl Zl  j  QROiEI&lNB 

{Tot^l  Prtfsyre  •  300  <  i^s*) 

MiSi  1 


n-H&Ptajifl 

Brpmotrl  f  1  uoroin  etiiino 

3.0 

6.0 

♦ 

3.6 

4.0 

- 

3.0 

5 .5 

♦ 

2.0 

4.0 

- 

6 .0 

* 

1.5 

2.0 

- 

3.5 

6 .0 

- 

3,0 

6.5 

- 

2.5 

6.0 

- 

2.0 

2.0 

♦ 

4.5 

2.0 

♦ 

5.C 

2.0 

♦ 

5.5 

2.C 

♦ 

6.0 

2.0 

- 

sn . 


table  1^3 

FLAiitA-EiLiTt  or  MirrjKEr  of  s-kept ?m,  \tr,  and  ^o^otrimiopo- 

ME7SUNE 

{Total  Pressure  ■  50u  mm.  H^) 

.  Vol'.ua£,  1 

(tariu  Eroaotrl  f  luoromotbano  Result 


3.0 

3.0 

1.5 

2.5 

3.5 
2.0 

3.5 
4.0 
5.0 
4.0 
4,0 
5,0 

4.5 

6.5 


6.5 

6.0  + 

3.0 

6.0 

6.0  + 

3.0  ♦ 

6.5 
6.0 
3 .0 

4.5 

3.0  ♦ 

1.5  ♦ 

3.0 

1.5 


2?e. 


Table  124 

PHYSICAL  DATA  POP.  GASES  SUPPORTER!  COMBUSTION 


Boiling 
Point,  *C, 


-34.6  (10,42,73) 
-33.6  (42) 


-183,0  (11,42) 
-182.7  (25, 25) 


Fluorine 


-187.  (11,23,42) 


Molting 
Joint,  BC. 


-101.6  (11,42,79) 
-102,  (23) 

-103.5  (79) 


-218.4  (11,42) 
-218.  (23) 

-218.8  (25) 


-233.  (10,23,42 
79) 


Molecular 

35.457  (11) 

16.000  (11) 

19.000  (11) 

Weight 

35.46  (23) 

16 

(23) 

19.0  (23) 

Critical 

141 

(83) 

-118 

(23) 

Temperature,  °C, 

144 

(79) 

-118.8  (79) 

-129.1  (8) 

Critical 

83.9  (23) 

49.7  (79) 

55  (8) 

Pressure,  atm. 

76.1  (79) 

50.0  (3) 

Critical 
Density,  g./cc. 


0.5739  (79) 
0.573  (79) 


0.430  (79) 
0.6044  (23) 


Keat  of  Fusion, 


0.812  kg.cal/g.atora  0.053  kg.cal/g.  0.19  kg. 

(42)  atom  (42)  cal/g.atom 

3.40  kg.joules/g.  at  b.p.  (42) 

atom  (79)  0.8g- joules/ 

96.1  joules/g. (at  g.atom  (79) 

m.p. )  (79) 


Triple  Point,  "A  417.1  at  76.1  atm.  54.3  (25) 

(59) 


1  atm,  P.  50° 
(52) 


Density  SIP 

Liquid,  (g./l.)  3.214  (23,79)  1.4290  (23) 

Vapor  2,491  (23)  1.1053  (23) 


1.695  (23,79) 
1.26  (23) 


Hoat  of  Vaporization  10.0k,-,.  joules  /g- 
atom  (at  b.p.)  (79) 

2.39kg. cal/g.atom 
(42)  ~ 


1630.7+1.5 

cal/molc 

(24) 

50.97  cal/kg, 
(23) 


labia 


THERMAL  CONDUCTIVITIES  TOR  OXYGEN  [  29 ) 


Thermal  Coafiuctlvlty  i  10 e _ _ _ Temperature.  °A 

Cal ,/aec ./cm./#A 


1.701 

1.721 

1.930 

2.159 

2,387 

2'.  614  . 

2,040 

2.064 

3.287 

3.508 

3.728 

3.946 

4.162 

4.292 

4.375 

4.584 

4.730 

4.993 

5.194 

5.392 

5.586 

5.780 

5.70 

5,970 

6.io9 

6.350 

6.547 

6.798 

6.954 

7.164 

7.378 

7.594 

7,182 

7,427 

8.033 


80 

81.  ^ 
90 
IOC 
110 
120 
130 
140 
150 
160 
170 
180 
190 
194.7 
200 
210 
220 
230 
240 
250 
260 
270 
273 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
373 
390 


/■ 


Table  i£6 

Heat  Capacities  far  Oxyvjce 
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Cp-cal/molc/*A  ( 78 ) 

(5) 

Tempo raturo  *A 

0.961 

2C0 

r.,970 

i'r  r. 

^  ^  ^ 

7.017 

7,019 

298.16 

7.019 

7.021 

300 

7,194 

7,194 

400 

7.429 

7.430 

500 

7.670 

7.669 

600 

7.885 

7.882 

700 

8.064 

8.062 

800 

8.212 

8.211 

900 

8.335 

8,335 

1000 

8.440 

8.439 

1100 

8.530 

8,528 

1200 

8.570 

1250 

8.608 

8.606 

1300 

8.676 

8.675 

1400 

8.739 

8.739 

1500 

8.885 

1750 

9.024 

2200 

9.035 

2500 

9.518 

300C 

9.711 

3500 

9.879 

4000 

1C .003 

4500 

1C ,105 

5OC0 

'Inble  127 
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Iloat  Capacities  for  Chlorlna  (6) 


Cp~cal/nolo/*A 

0,89 

1,87 

£.90 

3.97 

5.73 

6.99 

8.00 

8.68 

9.23 

9.71 

10.10 

10,47 

10.87 

11.29 

11.73 

12.20 

12.68 

13.17 


Tempo future  ®A 


a.»> 

20 

25 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 


* 


Table  12a 
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TCER1&L  CCfNISJCTlVTTIlS  FOR  0TK3JH 


Thermal  Conductivity, 
cal./cm.  sec. 

Temperature, 

•A 

Ref 

1 .851 

86.53 

o4 

2.035 

94.55 

34 

2.113 

98.02 

34 

2.774 

127 .22 

34 

2.861 

130.99 

34 

3.166 

144.56 

34 

3.316 

151.24 

34 

3.676 

167.28 

34 

4.051 

165 .17 

34 

4.488 

205.38 

34 

4.981 

229.36 

34 

5.408 

250.87 

34 

5.819 

272.07 

34 

6.175 

250.90 

34 

6.828 

323.86 

34 

7.201 

341.99 

34 

7.547 

357.63 

34 

7.956 

376.30 

34 

5.768 

273.1 

78 

5.83 

37 

5.839 

35 

5.89 

55 

5.85 

31 

5.90 

18 

Table  129 
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PHYSICAL  DATA  FOR  i'OME  ELAIOUBLE  GASES 


Ethane 

Acetylene 

Methane 

Soiling  Point, 

•c 

-88.3  (11) 

-89.1  (81) 

-89.0  (28) 

-93.  (S3) 

-88.9  (42) 
-88.62(79) 

-63.6  (16) 
-83,8  (30) 

-8b  .  ( 23 ) 

-82.9  (43.) 
-85.0  (79) 

-161.5  (11,79) 
-161.37(70) 

-161.4  ( 16 1 
-104.  (38* 

-165.  (23) 

-161.1  (42/ 

Melting  Point, 

•C 

-172.  (42) 

-171.  (23) 

-172.  (11) 
-183.2(16) 

-183  .23(81) 
-172.2  (42) 

-81.8  (11,38) 
-81.0  (16-29) 

-1S4.  (11,23,38) 

-182.5  (16 j 
-164.4  (42) 

Molecular  Weight 

30.27  (11) 

26.04  (11) 

16.04  (11) 

16.03  (82) 

Critical  Tempera¬ 
ture,  °C 

32.27  (2) 

32.2  (79) 

32.1  (23) 

36.1  (16) 

36.  (79) 

-82.4  (70) 

-82.8  (16) 

-82.1  (79) 

-82.  (82) 

Critical  Pressure, 
atm. 

49  .0  ( 23  J 

45.8  (16) 

48.2  (2) 

48.8  (79) 

61.7  (79) 

62.  (16) 

45.0  (16,79,82) 

Critical  density, 
g/cc. 

0.220  (79) 
0.203  (2,16) 

0.230(79) 
0.231 (16) 

0.1615  (30,91) 
0.162  (1C) 

Heat  of  Fusion, 
cal/mole 

682.9 

(at  b.p.)  (81) 
682  (£5) 

224(25) 

Triple  Point,  \ 

89.9  (25) 

81.5  (79) 

Table  129  (Cont'd) 

PHYSICAL  DATA  FOR  SOME  FLAMMABLE  GASES 

JS&iaLifii - - - &tfran«  .  Asatyians. 

Vapor  Density  (g./l.) 

at  STP  1.0494  (23)  0.92  (£3) 

Liquid  Density  (g./l.) 


278. 


0.415  (16) 
0.415  (£3) 


Heat  of  Vaporization, 

cal/ mole  3415  *4  (91)  2056  ±2  (24) 

(-173.6*0.) 

cal/g  116,9  (at  b.p.)  (16)  136.3  (16) 

(at  b.p.) 


£79 


Table  130 


HEAT  CAPACITIES  OF  FLAMMABLE  GASES 


Materials 

cal/mole 

Cp,  cal/wole 

Temperature 

•A 

Ref. 

Ethane 

6.57 

. 

92.4 

40 

6.51 

- 

93.1 

40 

6.55 

- 

9  3 .5 

40 

6.55 

- 

9  4.3 

40 

6.59 

- 

97.4 

40 

6.60 

- 

98.4 

40 

6.64 

- 

99.6 

40 

6.64 

- 

100.5 

40 

7.72 

- 

134.1 

40 

7.10 

- 

143.0 

39 

7.43 

- 

163.0 

39 

8.13 

- 

191.1 

42 

8.02 

- 

193.0 

39 

- 

11.834 

272.07 

41 

9.406 

- 

288.1 

42 

- 

12 .733 

302.70 

42 

— 

13.719 

335.82 

41 

- 

14 .589 

364,78 

41 

12.59 

298.16 

5 

- 

12.65 

300.0 

5 

- 

15.68 

400.0 

5 

- 

18.66 

500.0 

5 

- 

21.34 

600,0 

5 

- 

23.71 

700,0 

5 

- 

25 .82 

800.0 

5 

- 

£7.68 

900.0 

5 

- 

29.31 

1000.0 

5 

- 

30.75 

1100.0 

5 

- 

32.00 

1200.0 

5 

- 

33,10 

1250.0 

5 

- 

34.05 

1300.0 

5 

- 

34.89 

1400.0 

5 

Methane 

5.104 

7.20 

158.1 

42 

5.92 

7.963 

19S  .1 

42 

6.4512 

8.45 

288.1 

42 

- 

8.47 

288.6 

16 

- 

9.49 

283.1 

23 

Acetylene 

29.12 

- 

202.1 

42 

- 

10.452 

291.1 

42 

£80 


Table  131 

jr:ixcTftic  cojet.wtf  of  "c:t  g.-stf 

T^'CnTl'T-  CO'T.'.rTror 


Material 

Dielectric  Constant 

Pressure, 
mm.  Hr 

Temperature, 

°A 

Ref. 

Oxygen 

1.000,51:3,3 

750 

273 

31 

1 .000,7 UV 

1217 

291.1 

50 

1 .000,662 

£863 

291.1 

50 

1.000,5) r 

763 

291.7 

50 

1.000,906 

1507 

291.7 

50 

1 .001,314 

2035 

291.7 

50 

1.000,504 

765 

292,6 

50 

1 .000,841 

2873 

292.6 

50 

1.001,  £41 

6610 

294.4 

50 

1 .002, 781 

•:395 

294.6 

50 

1.001,869 

1.004,263 

1 .003,388 

£955 

6675 

5352 

295.1 

295.4 

296.1 

50  i 

50  j 

50 

1 

Chlorine 

1.9 

760 

274.1 

13 

2.0 

760 

274.1 

22 

1.97 

760 

274.1 

49 

I 

I 


V 


Table  132 


281 


RATIO  OF  Cp/Cv  FOB  SOME  FLAMMABLE  SA3ES 


Materials 

Cp/Cv 

Temperature, 

eA 

Ref, 

Methane 

1.47 

158.1 

42 

1.35 

199.1 

42 

1.31 

288,1 

42 

1.316 

284.1  to  300.1 

23 

Ethane 

1.22 

1.81 

1.19 

288.1 

323 .1 

373.1 

42 

42 

42 

Acetylene 

1.31 

202.1 

79 

1.26 

288  .1 

79 

1.28 

191.1 

42 

282 


Table  133 


THERMAL  CONDUCTIVITIES  FOR  SOME  FLAMMABLE  GASES 


Material 

Thermal  Conductivity  x  106 

Temperature, 
_ _ °A _ 

Ref. 

Cal/ cm. /sec ./“A 

Acetylene 

4.40 

273.1 

29 

Ethane 

2.727 

202.7 

29 

4.306 

273.1 

29 

7.673 

373.1 

29 

Methane  2.248 

81.5 

29 

2.272 

90 

33 

2.536 

100 

33 

2,800 

110 

33 

3,065 

120 

33 

3.331 

130 

33 

3.595 

140 

33 

3,860 

lc' 

33 

4,128 

„ 

33 

4.396 

170 

33 

4.667 

180 

33 

4.940 

190 

33 

4.940 

197.5 

29 

5.216 

200 

33 

5.496 

210 

53 

5.778 

220 

33 

6.063 

230 

33 

6.351 

240 

33 

6.643 

250 

33 

6.940 

260 

33 

7.242 

270 

33 

7.200 

273.1 

29 

7.549 

280 

33 

7.862 

290 

33 

8.186 

300 

33 

8.518 

310 

33 

8.862 

320 

33 

9,219 

330 

33 

9.590 

340 

33 

9.978 

350 

33 

10,372 

360 

33 

10.797 

370 

33 

11.220 

380 

33 

283 


Table  134 

DIELECTRIC  CONSTANTS  OF  SOME  FLAMMABLE  OASES 


Material 

Dielectric 
Coer van 1 

Tempera ture, 

•c. 

Pressure, 

atn. 

Ref. 

Methane 

1.01918 

0 

20 

75 

1.04044 

0 

40 

75 

1.06439 

0 

60 

75 

1.09062 

0 

80 

75 

1.1198 

0 

100 

75 

1.0134 

100 

20 

75 

1  aC<?7uC 

lOO 

40 

75 

1.04164 

100 

60 

75 

1 .05615 

100 

80 

75 

1.07113 

100 

100 

75 

1.09005 

100 

125 

75 

1.1089 

100 

150 

75 

1.1275 

100 

170 

75 

Ethane 

1.0015 

73 

Acetylene 


1.00134 


73 


PHYSICAL  DAT \  FOR  SOME  INERT  GlSKS 


83.81  at  521.4  mm.  (44) 
33.5  at  760  on.  (57) 
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Material 

sirgon 

Helium 


Neon 


Table  137 


THERMAL  CQNDUCTIVITII S  OF  INERT  GASES 


Thermal  Conductivity  x  108 
Cal/  sec  ,/ cm  ♦/% 

Temperature,  ®A 

Ref, 

1.42 

90,6 

29 

3.86 

273.1 

29 

5  .007 

373.1 

29 

6.0 

3,3 

60 

6.13 

20.0 

29 

16.34 

80 

33 

11 .84 

81.4 

29 

16.43 

90 

33 

1?  .61 

100 

33 

18.53 

110 

33 

12.64 

120 

33 

20-68 

130 

33 

21.71 

140 

33 

22.73 

150 

33 

23.73 

160 

33 

24.72 

170 

33 

25.63 

180 

33 

26.63 

190 

33 

27.56 

200 

33 

28.49 

210 

33 

29.39 

220 

33 

30.28 

230 

33 

31.15 

240 

33 

32.00 

250 

33 

32.83 

260 

33 

33.65 

270 

33 

33.6 

273.1 

29 

34.45 

280 

33 

35.23 

290 

33 

36.00 

300 

33 

36.74 

310 

53 

37.46 

320 

33 

38.15 

330 

33 

38.81 

340 

33 

39.44 

350 

33 

40.05 

360 

33 

40.62 

370 

33 

39.65 

373.1 

29 

41.17 

380 

33 

4.99 

91.7 

33 

8.79 

198,7 

33 

10*8? 

273,1 

33 

13.44 

378.9 

33 

1.24 

273.1 

15 

Xenon 


291 


Table  15?  (Continued) 


Mtteiial  Thermal  Conductivity  x  10®  Temperature,  °A  Hef. 
_ Cul/ acc ./ ccu/^A  '  _  . . . . . 


Nitrogen 


Krypton 
Curbon  dioxide 


Methyl  bromide 


1.829 

81.7 

£9 

4.305 

198.7 

29 

5.66 

273.1 

29 

7.18 

373.1 

29 

2.18 

273.1 

15 

1.984 

180 

33 

2.126 

190 

33 

2.546 

194.6 

29 

2.272 

200 

33 

2.424 

210 

33 

2.580 

220 

33 

2.741 

230 

33 

2.907 

240 

33 

3.077 

250 

33 

3.251 

260 

33 

3.429 

270 

33 

3.393 

273.1 

29 

3.611 

280 

33 

3.796 

290 

33 

3.964 

300 

33 

4.175 

310 

33 

4.371 

320 

33 

4.571 

350 

33 

4.777 

340 

33 

4,988 

350 

33 

5.202 

360 

33 

5.416 

370 

33 

5.06 

373.1 

29 

5.630 

380 

33 

14.20 

819.1 

29 

1.74 

277.7 

33 

/ 


V 


29  2 


\ 

liable  138 

”  LITLT  CTR1C  COK./T.NT^  CP  C  JiBON  DIOXUE  : 

Pressure  Temp.  ; 

Material _ Dielectric  Constant _ m.  Ha. _ lib _ Re£i _  ! 


Carbon 

dioxide 


1 .000862 

714 

294.1 

76 

1.000662 

722 

294.1 

76 

1.000873 

724 

294.1 

76 

1 .0009^9 

763 

291.1 

76 

1.001449 

1203 

292.6 

76 

1.001548 

1275 

292.1 

76 

1.002145 

1747 

292.1 

76 

1 .002367 

1946 

292.6 

76 

1 .002377 

1959 

294.1 

76 

1 .002421 

1997 

292.6 

76 

1 .003042 

2466 

291.3 

76 

1 .003074 

2511 

292.6 

76 

1.003595 

2868 

291.1 

76 

1 .004057 

3329 

294:1 

76 

1 .005540 

4494 

293.5 

76 

1.008667 

5384 

294.4 

76 

1 .007452 

5986 

294.1 

76 

1,007608 

6088  ^ 

293.5 

76 

1 .0280 

2  5.79 

296 .15 

50 

1.0343 

30.48J 

298,15 

50 

These  values  ore  expressed  in  atmospheres. 
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Table  139  (Cont’d) 


£93 


Material 


Cerbon 

dioxide 


Helium 

Neon 

Argon 

Krypton 

Xenon 

Methyl  bromide 


DtELECTEIC  CONSTANTS  OP  INEST  GASES 
Pressure 

Bleleews  gaaetaak  B%m.  Temn..«». 


Ref. 


1.0*15 
1.0494 
1.0560 
1 .070? 

1.0836 
1.1022 
1 .131? 

1 .02486 
1.Q3578 
1.04566 
1 .06343 
I.C7r-J3 
1 .06574 
1.09712 
1 .11124 
1.12444 
1 .15457 
1.01951 
1.04457 
1 .06939 
1.13914 
1.18006 
1.20654 
1.000,072,8 
1.000,068,4  «• 
1.000,134 
1.000,127,4  ♦ 
1.000,550 
1.000,545,1  ♦. 
1.000,838 
1.001,351 
9.97 

10.42 
10.91 

11.43 
12.00 
12.63 
13.32 
14.07 
14.96 
16,02 
17.4 


35.24 
39.99 
44.65 
50.17 
54.62 
59.33 
65.14 
25.80 

35.25 
42.91 
54.67 

1.21 

66. 4>  r 

71.27 
76.53 

80.74 

88.27 

24.75 

51.76 
74.35 

123.50 

146.20 

160.31 

0.000,000,5 

0.000,000,5 

0.000,000,5 


298.15 

I 

i 

222.31 


50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

55 

50 

50 

50 

50 


\ 

V 

50 

372.86 

50 

50 

50 

50 

50 

V 

50 

- 

80 

273.1 

31 

- 

80 

273.1 

31 

- 

po 

273.1 

31 

BO 

80 

273 

.1 

53 

263 

.1 

53 

253 

.1 

53 

245 

.1 

53 

235 

.1 

53 

223 

.1 

53 

213 

.1 

53 

203 

.1 

53 

193 

.1 

53 

183 

.1 

53 

173 

.1 

53 

\ 


Tails  140 


£94 


Heat  Capacities  of  Nitrogen  {73) 


6.95? 

6.959 

6.960 

6.961 
6.991 
7.070 
7.197 
7.351 
7.512 
7.671 
7.016 
7.947 
8.063 
8.116 
8.165 
8.253 
8.330 
8.486 
8.602 
8.759 
8.862 
8.934 
8.984 
9.036 
9.076 


200 
250 
£98 , 1  * 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1250 
1300 
1400 
1500 
1750 
£000 
£500 
0000 
S500 
■1000 
4500 
5000 


i 


I 


235 


Heat 

B-cal/aola/  a 

‘Ifcble  141. 

cepr-iitico  ct  -jtO'io  c 

Teianernturo. 

rbon  .’.1  oxl do 

Ref. 

8.827 

292  .9 

41 

B  .374 

298 .16 

78 

B.B94 

500.0 

78 

9.240 

331 .86 

41 

9 .503 

358.4 

41 

y  .595 

367.72 

41 

9.871 

400.0 

78 

10.662 

500.0 

78 

13  .311 

600.0 

78 

11 .849 

700. C 

78 

12.300 

800.0 

78 

12.678 

900.0 

78 

12.995 

looo.o 

78 

13.260 

1100.0 

7b 

13.49 

1200 .0 

76 

13.59 

1250.0 

78 

13.68 

1300.0 

70 

13.85 

140C.0 

70 

13.99 

1500.0 

78 

14.30 

1750.0 

78 

14.50 

2000.0 

78 

14.80 

2500.0 

78 

15 .00 

3000.0 

70 

15.2 

3500 .0 

70 

Table  142 


296. 


Heat  Capacities  of  solid  carbon  dioxide 


0.540 

I. 225 
2.137 
3.093 
3.912 
4.690 
5.435 
6.095 
7.178 
'  .:.‘72 
9.562 
9.105 
9.530 
9.915 

10.30 

10.67 

II. 04 
11.39 
11.77 
12.17 
12.61 
13.07 


15 

20 

25 

30 

35 

40 

45 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 


27 


237 


Table  143 

!£A?  CAPACITIES  REPOKTED  FOR  rfETHYL  BROMIDE 


Cb.  CtU/acWA. 


1.54 

1  K 

A  v* 

6 

•  .56 

20 

6 

3.60 

25 

6 

4.54 

30 

6 

6-37 

40 

6 

7.93 

50 

6 

9.16 

GC 

6 

10.02 

70 

G 

10.79 

80 

6 

11.42 

90 

6 

11.92 

100 

6 

12.34 

110 

P 

12.67 

120 

6 

12.96 

130 

6 

13.21 

140 

6 

13.44 

150 

6 

13.88 

160 

74 

10.18 

298.1 

74 

11.07 

350 

74 

11,96 

400 

74 

13.60 

500 

74 

15.05 

600 

74 

16.27 

700 

74 

17.  3C 

800 

74 

18.24 

900 

74 

19.06 

1000 

74 

19.78 

1100 

74 

20.41 

1200 

74 

£38, 


jay  * 

Table  144 

heat  capacities  foe  dichlokodifluorohethane 


Cal/mole 

C  cal/mole 

Temperature, 

P 

6  A. 

1  . 

10.32 

12.31 

173.1 

36 

11.2? 

13.25 

198.1 

36 

12.16 

14.15 

223,1 

36 

13.01 

15.00 

248.1 

36 

13.82 

15.60 

273,1 

36  i 

11.5? 

16.56 

298.1 

36  ; 

15.25 

17.24 

323.1 

36 

16.92 

17.90 

348,1 

36 

16.51 

18.50 

373.1 

36  I 

17.06 

19.04 

398.1 

36  1 

17.55 

19.54 

423.1 

36  i 

18.01 

20.00 

448.1 

36  1 

18.43 

20.41 

473.1 

36 

14.82 

273.1 

20  i 

16.87 

323.1 

20  i 

17.37 

373.1 

20  1 

18.32 

423  J. 

20  j 

19.10 

473.1 

20 

19.74 

523.1 

20 

20.34 

573.1 

20 
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HEAT  CAPACITIES  OF  TRIFUJCSOMETHANE  (£8) 
(Col ./moles  at  **) 


-CiL. 

Temperature.  *A 

Cp 

Temperature 

11.37 

£50 

16  «£-* 

450 

12.01 

£73.1 

16.68 

473.1 

12.68 

£98.1 

17.15 

500 

12.73 

300 

17.95 

550 

14  .02 

350 

16.65 

600 

14  .50 

373 

19.27 

650 

15.10 

400 

Table  146 

HEAT  CAPACITIES  FOR  CARBON  TETRAFLU OR 1 DE  (20) 
(Cal, /mole  at  °A) 


£l_  Temperature,.  °A 


11.23 

273,1 

12.74 

323.1 

14.09 

373.1 

15.27 

423.1 

16,30 

473.1 

17.18 

523.1 

17.94 

573.1 

Table  147 


300 


TIDE  RATIO  Cp/C^FQR  SOME.  INERT  GaSES 


Material  C  /C 

P  v 


Temperature,  ‘C .  Ref. 


Nitrogen 

1.41 

1.47 

1.404 

-181 

15 

23 

42 

42 

Helium 

1.652 

- 

33 

1.660 

-180 

42 

Argon 

1.76 

-180 

42,79 

1.668 

15 

42 

1.65 

15 

79 

■jypton 

1.68 

19 

42 

Neon 

1 .64 

19 

42 

Dichlorodi- 

1.138 

- 

42 

fluoromethane 

1.139 

25 

42 

Methyl  bromide 

1.27 

18 

42 

Carbon  dioxide 

1.37 

-75 

42 

1.310 

1 

42 

1.304 

15 

42 

1.281 

100 

42 

1.235 

400 

42 

1.195 

1000 

42 

1.171 

2000 

42 

1.2995 

4-11 

23 

Xenon 


1.66 
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Figure  100  , Flwnmable  Area 


INERT  EOMPOUNDE^  PERCENT  BY  VOLUME 


I 


3h/mOA  AG  2N3Dd3d  t3NVld3H *</ 


Figure  3.01  Flammable  Area 


304. 


Bh/niOA  AG  INBOdJd  ‘  3NVJd3H'Q 


Figure  103  Flame  tie  Aree 


INERT  COMPOUNDS  .  PERCENT  BY  VOLUME 


VOLUME. 


Figure  105  Flammable  Ar^a 


Tlguxe  108  Clanfiipble  Area 


INERT  COMPOUNDS .  PERCENT  By  VOLUME 


3Hf)10A  A9  J.  N  3  DM  3d  *  3NVdd?H* 


Figure  109  Flaxanable  Area 
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3UW70A  A  9  AN  3  3d  3d  ‘  dOdVA  3N\/Ad3H-'4 


Figure  110  Floraneble  Area 


INERT  COMPOUNDS  *  PERCE /V  T  BY  VOLUME 


3 Hr,  70 A  A  9  3N3Jd3du  dOc/M  3NVJ.d3H 


V* 


Figure  111  Flammable  Area 


INERT  COMPOUNDS ,  PERCENT  BY  VOLUME 


f 


% 


J lUmOA  A8  J  N33M3d  '  VOddA  JIWldJH* 


?igure  112  Flammable  Area 

,* 


INERT  COMPOUNDS  PERCENT  8Y  VOLUME 


314. 


3WD10A  AG  lN3DH3d  1 3NVld3H~v 

Figure  113  Flammable  Art*  a 


INERT  COMPOUNDS ,  PERCENT  BY  VOLUME 


K  N0  *0  ^  N  \ 


JUmOA  A9  !N3Dd3d  6  dOdVA  3N\AJ.d3H* 

?ig»re  U.4  Flammable  Area 
•  *  * 


317, 


INERT  COMPOUNDS  *  PERCENT  BY  VOLUME 


f 


3i5. 


3un  10 A  AS  J  V  3  OS  3d  ‘  S  ONP  OdUOJ  J.  &3N! 


L-£J _ I _ J _ i - L 

N  v>  ^  ^  N>  CM  V 


3UJD10A  A8  !N3S>d3d  i  dOd^A  3N\AJ.d3H-v 

Figure  117  Flammable  Area 


3MD10A  A3  lN30d3d  ‘  tiOdVA  3NVld3H-u 

*  Figure  119  Flammable  Area 


INERT  COMPOUNDS,  PERCENT  BY  VOLUME 


323. 


3HD10A  A9  JN3Dd3d  'dOdM  3NV±cf3H-u 

Figure  122  Flearanbla  Area 


I 


INERT  COMPOUNDS,  PERCENT  BY  VOLUME 


INERT  COMPOUNDS ,  PERCENT  BY  VOLUME 


INERT  COMPOUNDS,  PERCENT  BY  VOLUME 


a 


328. 


3nmOA  A9  IN 33d 3d  ‘3NPld3H-» 


Figure  127  Flanosble  Area 


INERT  COMPOUNDS ,  PERCENT  BY  VOLUME 


3£*. 


K  VQ  ^  tO  N  'n 

3urnoA  A9  j-Njiyjd  fc  yoddA  iNVidPH^ 


Figure  128  Flnomeble  Area 
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